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LETTER  OF  TRANSMITTAL 


To  the  Experiment  Station  Committee  of  the  Hawaiian  Sugar 
Planters*  Association,  Honolulu,  T.  H. 

Dear  Sirs: — I,  herewith,  submit  for  publication,  as  Bulletin 
No.  19  of  the  Division  of  Agriculture  and  Chemistry,  the  results 
from  two  series  of  lysimeter  experiments  conducted  at  the  Experi- 
ment Station. 

Yours  very  truly, 

C  F.  ECKART, 

Director,  Division  of  Agriculture  and  Chemistry. 

Honolulu,  T.  H.,  September  26th,  1096. 
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LYSIMETER   EXPERIMENTS* 


By  C.  F.  Eckart. 


FIRST  SERIES. 

The  first  series  of  tests  described  in  this  bulletin  deals  with  the 
action  of  various  nitrogenous  fertilizer  materials  when  applied 
to  the  Experiment  Station  soil,  and  results  are  given  indicating 
the  relative  rate  of  nitrification,  under  similar  conditions,  of 
tankage,  fishscrap,  hoofmeal,  sulphate  of  ammonia,  and  dried 
blood.  The  comparative  readiness  with  which  nitrogen,  in  these 
various  compounds  together  with  that  in  nitrate  of  soda,  may  be 
leached  from  the  soil  is  considered,  and  data  are  presented  bear- 
ing on  the  loss  of  lime  following  the  application  of  sulphate  of 
ammonia,    nitrate  of  soda  and  dried  blood. 

Seven  large  tubs  were  converted  into  lysimeters  in  the  manner 
described  in  Bulletin  No.  8  (Reports  for  the  Year  1902)  when 
drainage  experiments  were  conducted  to  note  the  solvent  action 
of  saline  irrigation  on  various  soil  elements.  Into  each  of  these 
tubs  were  placed  188.16  pounds  of  soil  containing  13.37%  of 
water.     The  chemical  analysis  of  this  soil  was  as  follows : 

ANALYSIS  OF  SOIL  SAMPLE   BY  THE  AGRICL'LTUKAL   METHOD. 

(Hydrochloric  acid,  1.115  Sp.  Gr.  used  as  solvent.) 

Per  cent. 

Moisture   8.52 

Vol.  Matter 9.69 

Insol.  Residue 31 .82 

Ferric  Oxide 24.40 

Alumina    16.40 

Lime i .  37 

Magnesia  4. 77 

Potash 414 

Soda 525 

Phosphoric  Anhydride 958 

Sulphuric  Anhydride 05 1 

Total 98.918 

•This  bulletin  is  the  first  of  a  number  to  be  publiHhed  from  time  to  time  dealing 
with  lysixneter  experiments  with  different  types  of  Hawaiian  soils. 
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Per  cent. 

Total  Nitrogen 157 

Nitrate       "         003 

Humus 2. 50 

Nitrogen  in  Humus,  per  cent 5.60 

Nitrogen  in  Humus,  per  cent  soil 14 

ASPARTIC  ACID  ANALYSIS. 

(One  per  cent,  solution  of  Aspartic  Acid  used  as  solvent.) 


Moisture * 7 

Organic  Matter 9 

Silica  

Lime 

Magnesia 

Ferric  Oxide 

Alumina    

Sulphuric  Anhydride 

Chlorine 

Potash    

Soda 

Phosphoric  Acid    

MECHANICAL  ANALYSIS. 


28 

41 

1096 

3271 

2433 
0040 

oo6d 
0098 
0360 
0301 
0471 

0253 


Loss  on  ignition 16. 24 

Coarse  Grits   4.74 

Fine  Grits  4.49 

Coarse  Sand 2 .  70 

Medium  Sand   10.01 

^ine  Sand  30. 76 

Coarse  Silt 16. 10 

Fine  Silt   13.20 

Clay  2.04 


Total    100.28 

In  filling  the  tubs,  138  pounds  of  soil  were  first  placed  in  each 
container.  To  the  remaining  50  pounds,  required  for  each  test, 
the  various  nitrogenous  fertilizers  were  added  and  intimately 
mixed,  the  mixture  then  being  added  as  a  superincumbent  layer  to 
the  soil  already  in  the  lysimeters.  The  material  incorporated  with 
the  upper  layer  of  soil  in  the  case  of  the  respective  tubs  were  as 
follows : 
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Tub 
Tub 
Tub 
Tub 
Tub 
Tub 
Tub 


No. 
No. 
No. 
No. 
No. 


5,  Tankage 315  grams 

6,  Fishscrap 196  grams 

7,  Check 

8,  Hoofmeal    137  grams 

9,  Nitrate  of  Soda 105  grams 

No.  10,  Sulphate  of  Ammonia. .       78  grams 
No.  II,  Dried  Blood   123  grams 

The  quantity  of  nitrogen  in  each  of  these  substances  was  16.3 
grams,  or  i  gram  to  each  pound  of  dry  .matter  in  the  soil. 

The  soils  in  the  lysimeters  were  irrigated  first  at  weekly  inter- 
vals and  subsequently  at  bi-weekly  periods,  the  drainage  being 
caught  in  galvanized  iron  containers  and  subjected  to  analysis. 
The  amounts  of  water  added  and  the  drainage  discharge  for  the 
separate  irrigations  are  shown  in  the  following  tables,  together 
with  the  dates  of  the  different  waterings : 

Irrigation  and  Drainage. 


•4l  '^  >>»«  '^JSf^ful-r   'Sir 


^      Liters 


Liters 


Liters 


Liters 


^"^'^         Liters 


Drainage 
Liters 


20 


20 


20 


2 

10 

i  S-32 

TO 

1   5-50  ! 

10 

5-29 

10 

S-39 

3 

10 

1  6.19 

10 

:   6.80 

10 

7-iS 

10 

7.20 

4 

10 

7.S6 

10 

7-42 , 

10 

7-43 

10 

7-41 

5 

15 

6-595 

IS 

7.82 

15 

6.9. 

15 

6.74 

6 

15 

6.20 

!   15 

6.85; 

15 

6.62  1 

IS 

6.12 

7 

IS 

585 

15 

6.10 

15 

6.92 

15 

6.20 

8 

15 

5  64 

!  IS 

5-55 

15 

6-25 

15 

5.60 

9 

15 

6.08 

15 

6.08 

IS 

6.80  1 

IS 

6.30 

10 

15 

5-15 

15 

5-53  ! 

15 

5.86, 

15 

5.26- 

II 

15 

5-25 

15 

5-75  ' 

15 

6.04  1 

15 

5-34 

12 

15 

4.76 

15 

5  40 

15 

5-45  1 

•5 

5-31 

13 

15 

S-ii 

15. 

5-8o 

15 

6.42 

15  1 

5-42 

14 

IS 

6.15 

IS 

6-79 

15 

6.82 

15' 

6.49 

15 

15 

6.55 

15 

7.04 

15 

7.12 

15  1 

6.86 

16 

15 

6.76 

15 

7-51 

15 

7.00 

15  ' 

6.78 

17 

15 

6.51 

15 

6.94 

15 

6.80 

15 

6.63 

18 

15 

5-27 

15 

5-32 

15 

5.02 

15, 

5-03 

19 

IS 

S-34 

IS 

5-05 

15 

5.22 

iSl 

4-77 

20 

15 

529 

15 

5-31, 

15 

538 

'5 

5-03 

21 

IS 

5.98 

15 

6.17 

15 

6.40 

15^ 
305, 

6.23 

T«TM. 

305 

117-555 

305 

124.73 

305 

126.90 

120. II 
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8 
Irrigation  and  Drainage. 


9 

'" 

10 

11 

Irriga- 

Irriga- 

Drain- 

Irriga- 

Drain- 

Irriga- 

Drain- 

tion 

tion 

age 

tion 

age 

tion 

age 

Liters 
20 

Liters 

Liters 

Liters 

Liters 

Liters 

I 

•  •  «  • 

20 

20 

.... 

2 

ID 

6.20 

ID 

5.65 

10 

5.78 

3 

lO 

7.31 

ID 

7.17 

10 

7.27 

4 

lO 

7.61 

10 

756 

10 

7.40 

5 

15 

7-45 

15 

6.38 

15 

7.19 

6 

15 

6.44 

15 

6.74 

15 

6.72 

7 

15 

6.30 

15 

6.25 

15 

6.00 

8 

15 

5-75 

15 

5-58 

15 

5.88 

9 

15 

6.00 

15 

6.25 

15 

6.00 

lO 

15 

527 

15 

5-53 

15 

5-43 

II 

15 

5-77 

15 

5-25 

15 

5-43 

12 

15 

5-31 

15 

5-o8 

15 

5-35 

13 

15 

5-65 

15 

550 

15 

5.65 

14 

15 

6.45 

15 

6.32 

15 

U.64 

15 

15 

7.24 

15 

e.96 

15 

703 

i6 

15 

7.24 

15 

7-25  ,        15 

7.10 

17 

15 

7-141 

15 

703  I        15 

6.32 

i8 

15 

5-67 

15 

5-33           15 

5-01. 

19 

15 

5.86 

15 

5-39 

15               4.73 

20 

15 

5-99 

15 

5-38 

15           4-93 

21 

15 

7-43 

-  — 

I5_^ 
305 

6.62 

15           6.04 

Total 

305 

128.08 

123.22    ,          305         ;  121.90 

Times  at 

Which  Soils  In  Lys 

imeters  V 

V^ere  Irrigated. 

Irrigation  No. 

Date  of  Irrigation 

In 

-Igatlon  No. 

Date  of 

Irrigation 

V  25 

I 

March  14 

12 

Jul 

2 

March  21 

13 

Aug.  8 

3 

March  28 

14- 

Aug.  22 

4 

April      4 

15 

Sept.    5 

5 

April     18 

16 

Sept.  19 

6 

May       2 

17 

.  Oct.      3 

7 

May      16 

18 

Oct.    17 

8 

May     31 

19 

Oct.    31 

9 

June      13 

20 

Nov.  14 

10 

June     27 

21 

Nov.  28 

II 

July      1 1 
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The  largest  volume  of  water  applied  at  any  one  time  was  for 
the  first  irrigation,  when  20  liters  or  2.94  inches  were  added. 
For  the  three  succeeding  irrigations,  10  liters  or  1.47  inches  were 
applied,  and  for  subsequent  irrigations  15  liters  or  2.20  inches. 

It  is  interesting  to  note  at  this  place  the  large  quantity  of  water 
draining  away  from  each  soil  following  what  would  be  consider- 
ed moderate  irrigations  under  ordinarily  plantation  conditions. 
Where  2.2  inches  of  water  were  applied  every  two  weeks,  the 
average  drainage  from  tub  No.  7  (Check  Experiment)  was  .92 
inch,  the  soil  (14  inches  deep)  only  holding  1.28  inches  or  about 
58%  of  the  added  water.  The  fact  that  the  lysimeters  were 
placed  on  a  sheltered  veranda  and  almost  entirely  protected  from 
the  sun  and  wind  accounts  in  a  large  measure  for  the  small 
evaporation  which  took  place  during  the  intervals  between  suc- 
cessive irrigations. 

The  amounts  of  water  held  by  the  soils  in  the  several  tubs, 
immediately  preceding  the  respective  irrigations,  and  likewise  the 
average  amounts  held  during  the  intervals  between  irrigations, 
were  found  by  calculation  to  be  very  approximately  as  follows : 

Moisture  of  Soils  Previous  to  Respective  Irrigations,  Showing 
Percentage  of  Saturation. 


^ 

6 

1 

6 

7 

8 

9 

_i^ 

11 

ira 

T«nk- 

Fish- 

No  Fer- 

Hoof- 

Nitrate 

Sulph. of 

Dried 

»5^ 

age 

scrap 

tilizer 

34-68 

meal 

of  Soda 

Ammonia 

Blood 

I 

34-68 

.^4-68 

.34-68 

.34.68 

M.68 

.m'68"" 

2 

85-77 

86.32 

85.68 

85-97 

88.44 

86.77 

87.16 

3 

88.41 

90.26 

91-34 

91.49 

91.82 

91-37 

91.72 

4 

92.58 

,  92-15 

92.18 

92.12 

92.73 

92.58 

92.10 

5 

74-44 

78.17 

75-39 

74-88 

77-04 

73.78 

76.25 

6 

73-24 

75.22 

74-51 

73  00 

73-97 

74-88 

74-81 

7 

72-17 

72.94 

75-42 

73-24 

73-55 

73  40 

72.62 

8 

71-53 

71.26 

73-39 

71.41 

71.86 

71.35 

72.26 

9 

72-57 

72-57 

75.06 

73.55 

72.62 

73-39 

72.62 

10 

70.04 

71.20 

72.21 

70-37 

70.41 

71.20 

70.90 

II 

70-35 

71.86 

72-75 

70.62 

71.93 

70-35 

70.90 

12 

68.83 

70.80 

70-96, 

70-53 

70-53 

69.84 

70.65 

13 

69.92 

72.02 

73.91 

70-87 

71-56 

71.12 

71-56 

14 

73-09 

75-04 

75-12 

74.13 

74.00 

73.60 

74.58 

15 

74-31 

75-79 

76.03 

75-24 

76.40 

75-77 

75-77 

16 

74-94 

77.22 

75-67 

75.00 

76.40 

76.43 

75-84 

17 

74.18 

75-49 

75-06 

74-54 

76.10 

75-77 

73.60 

18 

70.41 

70.57 

69.66 

69.69 

71.63 

70.60 

69.62 

19 

70.62 

69.74 

70.26 

68.89 

72.20 

70-77 

68.76 

20 

70.47 

70.53 

70.75 

69.68 

72.60 

70-75 

70.76 

21 

72-57 

73-15 

_ 73-85  _ 

.  73^3  _ 

^76.98 

74-51 

72^75 _ 
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Average  Percentage  of  Saturation  Between 
Respective  Irrigations. 


Interval 

Between 

Irrigations. 

Nos- 


1  and 

2  and 

3  and 

4  and 
3  and 

6  and 

7  and 

8  and 

9  and  lo 

10  and  II 

11  and  12 1 

12  and  13 

13  and  14 j 

14  and  15  I 

15  and  161 

16  and   17 1 

17  and  18 

18  and  19 

19  and  20 
2C  and  21 

Average 


Tank-    | 
age 

I 
92.88 
94.20 
96.29  I 
87.22 
86.62 
86.08 
85.76, 

86.28  1 
85.02 

85.17 
84.41 
84.96 
86.54 
87.15 
87.47 
87.09 
85.20 
85.31 
85.23 
86.28 


Fish-    I 
scrap 

I 

93.16 

95.131 
06.07! 
89.08' 
87.61 

86.47' 
8.S.6r 
86.28' 
85.60 

85.931 

85.40 j 

86.01; 

87.52 1 

87.89' 

88.61 

87.74 

85.28 

84.87 

85.26 

86.57 


No  Fer- 
tilizer 


92.84 

95-67 
96.09 
87.69 

87  25 
87.71 
80.69 

87 -53 
86.10 
86.37 
85.48 
86.95 
87.56 
88.01 
87.83 

87- S3 
84.83 

85-13 
85-37 
86.92 


Hoof-        Nitrate     Sulph.  of 
meal    1     of  Soda    Ammonia 


87.25   87.80  87.97 


92.98I 

95-74 
96.06 
87.44 
86.50 
86.62 
85.70 
87.77 
85.18 

85-31 
85.26 

85-43 
87.06 

87.62 

87-50I 
87.271 
84.84 

84.441 
84.84 
86.661 


94.22 

95-91' 
06.36 
88.52 
86.98 
86.771 
85.93 
86.31' 
85.20I 

85.96 
85.26 
85.78 
87.00! 
88.20i 
88.20! 
88.0=;' 
85.811 
86.10' 
86.30, 
88.49 


93  38 
95-68 
96.29 
86.89 
87.44 
86.70 
86.67 
86.69 
85.60 

85-17 
84.92 

85-56 
86.83 
87.88 
88.21 
87.88 

85-30 
85.. 38 
85-37 
87-25 


n 


Dried 
Blood 


87.51:  88.06I  87.75 


93 -S8 
95.80 
96.05 
88.12 
87.40 
86.31 
86.13 
86.31 

85-45 
85-45 
85-32 
85.78 
87.29 
87.88 
87.92 
86.80 
84.81 
84.38 

85-38 
86.37 

87.62 


Having  noted  the  conditions  under  which  these  tests  were 
conducted,  it  will  be  of  interest  to  observe  the  extent  to  which 
nitrogen  in  the  form  of  nitrates  appeared  in  the  drainage  from 
the  several  tubs  following  the  different  irrigations.  This  will 
enable  us  to  form  an  idea  with  respect  to  the  relative  rate  of 
nitrification  of  the  materials  added  to  the  soils  in  tubs  Nos.  5,  6, 
8.  10  and  11.  An  indication  will  also  be  afforded  of  the  com- 
parative readiness  in  which  the  nitrogen  from  various  nitrogenous 
fertilizers  may  be  lost  from  soils  of  a  similar  character,  where  a 
high  moisture  content  is  maintained  and  a  periodic  and  copious 
discharge  of  drainage  water  follows  the  application  of  water  for 
irrigating  purposes.  The  nitrogen  in  the  form  of  nitrates  which 
was  carried  into  the  drainage  receivers  was  found  to  be  as  follows : 
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Nitric  Nitrogen  in  Drainage. 
Grams. 


ii 

5    1 

6 

7 

8 

9 

10 

11 

Tank- 
age 

Fish- 
scrap 

Check 

Hoof- 
meal 

Nitrate 
of  Soda 

Sulphate  of 
Ammonia 

Dried 
Blood 

1 

2 

1.19912 

.83545 

.88872 

.89042 

5.11190 

1.00852 

1.02768 

3 

.71927 

.35700 

.40040 

.46368 

7.88018 

.37140 

.39185 

4 

.22490  ! 

.08570 

.09621 

.14782 

2.33056 

.25401 

.08547 

5 

.13651  1 

.20253 

.08983 

.18265 

.42241 

.44622 

.15746 

6 

.14105  : 

.22416 

.08109 

.26775 

.12400 

2.15917 

.19874 

7 

.19144  1 

.30850 

.10051 

.51971 

.12006 

1.94687 

.29190 

8 

.30333  j 

.38364 

.09843 

.76440 

.13075 

1.80652 

.65032 

9 

.35644  1 

.53732 

.12138 

1.03635 

.15700 

1.91406 

.76230 

10 

.29561  \ 

.50323 

.12613 

.89288 

.14940 

1.72121 

.77920 

11 

.31053 

.60375 

.19569 

.86908 

.19387 

1.11168 

.76485 

12 

.28988  1 

.52920 

.11540 

.70623 

.19142 

.70231 

.55706 

13 

.18600  1 

.52272 

.13257 

.58332 

.17006 

.53900 

.51624 

14 

.27552 

.45866 

.12651 

.46792 

.18737 

.37161 

.65653 

15 

.27968 

.47062 

.15699 

.39136 

.18624 

.33129 

.57329 

Ifi 

.26499  j 

.44421 

.11147 

.33222 

.13683 

.24867 

.44481 

17 

.2.3924 

.34006 

.12495 

.32719 

.13369 

.17469 

.31410 

18 

.21949 

.24019 

.08257 

.19541 

.08235 

.12032 

.18361 

19 

.22988 

.24745 

.08221 

.18281 

.09947 

.11771 

.14187 

20 

.18237 

.18120 

.07491 

.16900 

.12264 

.11298 

.12768 

21 

.13918 

.16088 

.07056 

3.27653 

J 

.15263 

.08581 
18.01601 

.12952 
15.58876 

.13952 

1ITIL 

6.18443  , 

7.63647 

9.54283 

8.76448 

That  the  soil  used  in  these  experiments  contained  a  considerable 
quantity  of  nitric  nitrogen  was  shown  by  the  statement  of  analysis 
given  on  page  6.  This  nitrogen  amounted  to  2.36  grams  for  the  soil 
in  each  tub,  of  which  quantity  nearly  38  per  cent,  was  leached 
from  the  unfertilized  soil  (No.  7)  in  the  first  drainage.  The  high 
content  of  nitric  nitrogen  in  the  first  two  drainages  from  all  the 
lysimeters,  with  the  exception  of  No.  9,  to  which  nitrate  of  soda 
was  applied,  can  thus  be  largely  attributed  to  the  nitrates  which 
were  stored  up  in  the  soil  prior  to  the  starting  of  the  tests. 

The  total  nitric  nitrogen  washed  into  the  drainage  receiver 
in  the  case  of  lysimeter  No.  7,  the  soil  of  which  contained  no 
added  nitrogenous  material,  was  3.28  grams.  Using  this  quan- 
tity as  a  basis  and  comparing  the  same  with  the  total  weight  of 
nitric  nitrogen  found  in  the  drainage  waters  from  the  other  soils, 
it  will  be  found  that  nitric  nitrogen  yielded  by  the  diflFerent  com- 
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ix)unds  employed  and  which  was  leached  from  the  respective  tubs 
varied  between  2.91  grams  with  tankage  and  14.74  grams  with 
nitrate  of  soda.  To  facilitate  a  comparison"  of  the  rapidity  of 
nitrification  in  the  several  instances,  the  length  of  time  during 
which  the  experiments  were  under  way  may  be  divided  into 
periods  as  follows: 


Period 

Irrigations 

I  to     4  inclusive. 

5  to     8  inclusive. 

9  to  12  inclusive. 
13  to  16  inclusive. 
17  to  21  inclusive. 

Length  of  Period 

I 
2 

3 
4 
5 

Mar.  14  to  April 
Apr.     4  to  May 
May  31  to  July 
July  25  to  Sept. 
Sept.   19  to  Nov. 

4 
31 

19 
21 

The  amounts  of  nitric  nitrogen  caught  in  the  receivers  during 
these  periods  are  shown  in  the  following  tabulated  statement : 

Nitric  Nitrogen  in  Drainage  due  to  Nitrogenous  Fertilizers  added 

to  Soil. 
Grams. 


•s 

5 

6 

■■  - 
8 

9 

10 

Sulphttte  of 
Ammonia     , 

.24860      ' 
.5.08802 
4.89066 

.96303 
. 22002 

11 

0 

Pu. 

Tankage 

Fish- 
sprap 

Iloof- 
meal 

Nitrate 
of  Soda 

13-93731 

.42736 

•13309 
.15296 

.C58876 

Dried 
Blood 

I 

2 
3 

4 

5 

.75796 
.40247 
.69386 
.47865 
.. 57-496- 

—  .10718 

•74897 
I. 61490 
1.36867 

.73458 

.11659 

i-3^'465 

2-94594 
I . 24728 

•59184 

.11967 

.028«;6 

2.30481 

1.66333 

.47158 

These  figures  were  obtained  by  deducting  the  amounts  of  nitric 
nitrogen  leached  from  the  unfertilized  soil  during  each  period 
from  the  amounts  contained  in  the  drainage  waters  from  the 
fertilized  soils  during  corresponding  periods.  Expressing  the 
weights  of  nitrogen  given  in  the  preceding  table  in  percentages 
of  the  original  amount  applied  to  the  soils,  namely,  16.3  grams, 
the  following  results  are  obtained: 
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Nitric  Nitrogen  in  Drainage  for  Different  Periods. 
Percentage  of  Nitrogen  added  to  Soil. 


5 

1 

6 

8 

9 

1            10 

—r 

Period 

Tank-      1 

Fish- 

Hoof- 

Nitrate 

1  Sulpliste  of 

,  Dried 

age 

wrap 

meal 

of  Soda 

Ammonia 

'  Blood 

I 

4.64     1 

—.66 

.72 

85-50 

1-53 

!     -73 

2 

2.47     ' 

4-59 

8.37 

2.62 

36.74 

:  5-70 

3 

4.26 

9.91 

18.07 

.82 

'    30.00 

■14.14 

4 

2.94 

8.40 

765 

•94 

1      5-91 

10.21 

5 

3-53 

4-51 
26.75 

1     38-44 

-54 
90.42 

1      1-40 
'    75-58 

1  2.89 

Total 

I 

17.84  : 

I33.67 

The  total  amounts  of  nitrogen  recovered  as  nitrate  varied  be- 
tween 90.42  per  cent,  in  the  case  of  nitrate  of  soda  and  17.84 
per  cent,  in  the  case  of  tankage  during  a  period  of  practically 
eight  months.  While  these  figures  are  instructive  and  give  one  an 
idea  of  the  relative  rate  and  extent  of  nitrification  in  the  several 
instances,  they  can  be  taken  as  only  close  approximations  for  two 
reasons : 

1.  It  is  a  well-known  fact  that  dei]][rification  or  the  reduction 
of  nitrates  takes  place  in  soils  highly  charged  with  water  (pre- 
venting proper  aeration)  or  containing  readily  oxidizable  com- 
pounds. 

2.  At  the  conclusion  of  the  last  irrigation,  the  soils  contain- 
ed a  quantity  of  nitric  nitrogen  which  had  not  passed  into  the 
drainage  receivers. 

It  is  not  known  to  what  extent  der$rification  proceeded  in  the 
soils  under  consideration,  although  the  belief  is  warranted  that 
this  action  was  not  great,  notwithstanding  the  high  average  mois- 
ture content,  about  87  per  cent,  of  saturation,  maintained  during 
the  course  of  the  investigations.  Where  nitrate  of  soda  was 
applied,  85.5  per  cent,  of  the  added  amount  was  recovered  in 
three  weeks'  time  from  a  soil  holding  an  average  amount  of  water 
corresponding  to  over  95  per  cent,  of  that  held  at  the  saturation 
point.  The  last  discharges  of  drainage  water  from  tub  No.  9, 
when  compared  with  those  from  tub  No.  7,  the  check  lysimeter, 
indicate  that  very  little  of  the  nitric  nitrogen  derived  from  the 
nitrate  of  soda  originally  added  was  present  in  the  soil  water  at 
the  conclusion  of  the  tests ;  it  may  be  safely  concluded,  therefore, 
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that  not  more  than  9  per  cent,  of  the  added  nitrate  was  denitrified 
in  this  particular  instance.  In  the  case  of  those  lysimeters  con- 
taining organic  fertilizers,  conditions  were  more  favorable  for 
dentrification  owing  to  the  presence  of  readily  oxidizable  matters, 
anci  the  reducing  action  was  doubtless  greater  than  in  the  cases 
where  nitrate  of  soda  and  sulphate  ammonia  where  added.  Where 
tankage  was  employed,  the  organic  matter  of  the  soil  (water-free) 
was  increased  by  .42  per  cent.,  and  with  dried  blood  the  increase 
was  .16  per  cent.,  the  fishscrap  and  hoof  meal  giving  gains  in 
organic  matter  intermediate  between  these  figures.  The  fact  that 
the  tankage,  fishscrap,  etc.,  were  not  incorporated  throughout  the 
soil  mass  in  each  tub,  but  were  mixed  with  a  fifty-pound  layer  of 
soil,  would  in  all  probability  exert  an  influence  favoring  denjrifi- 
cation.  However,  the  small  extent  to  which  the  den^rifying 
action  took  place  with  nitrate  of  soda,  would  persuade  us  that  the 
comparatively  small  amounts  of  nitric  nitrogen  which  appeared 
in  the  drainings  from  tubs  Nos.  5,  6,  8  and  11  were  due  chiefly  to 
their  inherent  inability  to  yield  nitric  nitrogen  at  anything  ap- 
proaching the  rate  of  sulphate  of  ammonia,  under  similar  con- 
ditions, and  also  to  the  fact  that  a  portion  of  the  nitrogen  in  such 
organic  materials  is  indefinitely  inert. 

On  reviewing  the  data  presented  in  the  foregoing  tables,  a 
striking  difference  is  manifested  in  the  amounts  of  nitric  nitrogen 
which  were  contained  in  the  soils  of  the  various  lysimeters  during 
the  separate  periods.  While  these  amounts  overlap  to  a  certain 
extent  owing  to  some  of  the  nitric  nitrogen  formed  in  one  period 
leaching  out  in  the  first  drainages  of  a  succeeding  period,  the  re- 
sults are  sufficiently  reliable  to  aff^ord  an  insight  into  the  behavior 
of  the  various  substances  in  the  supplying  of  assimilable  nitrogen 
for  the  feeding  of  plants.  During  the  first  period,  from  March 
14  to  April  4,  practically  all  of  the  nitrogen  added  in  the  form  of 
nitrate  of  soda  was  available ;  the  smallest  quantity  converted  into 
nitrates  during  this  time  being  that  furnished  by  the  fishscrap. 
The  fact  that  somewhat  less  nitric  nitrogen  was  leached  from  the 
soil  containing  fishscrap  than  was  caught  in  the  drainage  receiver 
of  the  check  experiment  was  doubtless  due  to  a  slight  non-uni- 
formity of  the  soil  samples  or  to  some  small  error  in  analysis.  In 
the  second  period,  from  April  4  to  May  31,  the  largest  quantity  of 
available  nitrogen  was  contained  in  the  "sulphate  of  ammonia 
tub"  and  the  smallest  amount  in  the  "tankage  tub.''  For  thv 
third  period,  between  May  31  and  July  25  tub  No.  10,  containing 
sulphate  of  ammonia,  still  holds  first  place  with  30  per  cent,  of  its 
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originally  added  nitrogen  in  the  form  of  nitrate,  and  the  ''nitrate 
of  soda  tub"  comes  last  with  about  2.3  per  cent,  of  nitric  nitrogen, 
this  latter  figure  being  the  sum  of  the  amounts  of  nitrogen  caught 
by  the  receivers  between  May  31  and  the  end  of  the  tests,  for  the 
reason  that  the  quantity  passing  off  in  the  drainings  of  the  fourth 
and  fifth  periods  was  necessarily  present  in  the  soil  during  the 
third  period.  The  fourth  period,  between  July  25  and  Sept.  19, 
finds  the  tub  containing  dried  blood  in  the  lead  with  the  **nitrate 
of  soda  tub"  last.  The  last  period,  Sept.  19  to  Nov.  21,  gives  tub 
No.  6,  containing  fishscrap,  the  ascendency,  and,  as  before,  tub 
No.  9  with  nitrate  of  soda  contains  the  least  nitric  nitrogen. 
The  following  table  gives  the  order  in  which  the  different  mate- 
rials were  supplying  nitric  nitrogen  during  the  progress  of  the 
investigations : 


9 

0 

1st  Period 

March  14- 

April4 

2nd  Period 
April  4- 
May  31 

3rd  Period      | 
May  31- 
July  25 

4th  Period 
July  25- 
Sept.  19 

5th  Period 
Sept.  19- 
Nov.  21 

1 

Nitrate  of 
Soda 

Snlph.  of 
Ammonia 

1 
Sulph.  of 
Ammonia 

Dried  Blood  I  Fishscrap 

2 

Tankage 

Hoofmeal 

Hoofmeal 

Fishscrap 

'  Hoofmeal 

3 

Siilph.  of 
Ammonia 

Dried   Blood 

1  Dried  Blood 

Hoofmeal 

Tankage 

4 

Dried  Blood 

Nitrate  of 
Soda 

1 

;  Fishscrap 

Sulph.  of 
Ammonia 

1  Dried  Blood 

1 

5 

Hoof  meal 

Fishscrap 

Tankage 

Tankage 

Sulph.  of 

Ammonia 

t 

6 

Fishscrap 

Tankage 

!  Xitrato  of 
1     Soda 

Nitrate  of 
Soda 

Nitrate  of 
'      Soda 

1 

Eight  months  after  these  various  nitrogenous  manures  were 
added  to  the  soils  of  the  lysimeters,  the  soil  waters  in  the  diflfer- 
cnt  tubs  contained  var}ang  amounts  of  nitric  nitrogen  derived 
from  the  same.  In  the  case  of  lysimeter  No.  9,  in  which  16.3 
grams  of  nitrogen  as  nitrate  of  soda  was  placed,  it  is  shown 
that,  notwithstanding  the  large  volume  of  irrigation  water  passed 
through  the  soil  during  the  time  occupied  by  the  tests,  there  was 
still,  after  an  eight  months  period,  a  certain  small  amount  of 
nitrate  left  which  was  derived  from  the  quantity  originally  added. 
While  these  results  with  respect  to  nitrate  of  soda  amply  con- 
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firm  the  statements  made  by  this  Experiment  Station  concerning 
the  extreme  liability  of  this  material  to  waste  when  applied  to 
our  cane  soils,  under  conditions  which  allow  of  copious  drainage, 
it  is  a  matter  of  some  importance  to  know  that  the  loss  from  den^ 
trification  does  not  assume  serious  proportions  in  the  greal 
majority  of  fields  on  irrigated  plantations,  containing,  as  they  do, 
a  small  percentage  of  organic  matter  and  where  the  growing 
cane  and  the  exposure  of  the  lands  do  not  readily  permit  the 
maintenance  of  such  a  high  average  moisture  content  as  that  in- 
dicated in  the  soil  of  these  lysimeter  tests,  notwithstanding  the 
perfect  drainage  facilities  of  the  latter.  Under  field  conditions  at 
the  Experiment  Station,  the  average  moisture  content  of  the 
soil,  where  3  inches  of  irrigation  water  is  applied  weekly,  is  ap- 
proximately 70%  of  saturation. 

While  a  study  of  the  figures  yielded  by  the  experiments  under 
consideration  is  interesting  and  instructive,  inasmuch  as  they 
indicate  the  relative  rate  of  nitrification  of  various  nitrogenous 
compounds  under  certain  given  conditions  with  respect  to  the 
content  of  moisture  and  organic  matter  of  the  soil  in  which  th'j 
substances  are  placed,  it  is  evident  that  the  data  cannot  be  indis- 
criminately applied  to  all  of  the  varying  plantation  conditions. 

On  investigating  the  extent  of  derj^rification  in  a  sample  of 
Pohakea  soil  very  high  in  organic  matter,  Dr.  E.  C.  Shorey  found 
a  given  amount  of  nitrate  to  be  acted  upon  very  rapidly  by  den* 
trifying  bacteria,  the  condtions  under  which  his  test  was  con- 
ducted being  as  follows :  "One  thousand  grams  of  soil  contain- 
'"&  15  parts  per  million  of  nitrogen  as  nitrate  were  placed  in 
a  glass  percolator  of  such  size  that  the  soil  was  about  8  inches  in 
depth,  and  after  saturation  with  water  was  allowed  to  stand  24 
hours.  Three  hundred  cubic  centimeters  of  water  containing  i 
gram  of  potassium  nitrate  was  then  added,  the  drainage  caught, 
and  the  total  nitrogen,  nitrate,  ammonia  and  nitrites  determined 
in  aliquot  portions.  This  was  repeated  at  intervals  of  24  or  48 
hours  until  1.42  grams  of  nitrogen  as  potassium  nitrate  had 
been  added.  The  soil  was  then  washed  until  the  drainage  was 
free  from  nitrate,  the  drainage  being  analyzed  as  before.'*  The 
figures  gained  from  this  test  were: 

Grams 

Total  nitrogen  added  as  nitrate i  .42 

Total  nitrogen  recovered  in  drainage 56 

Difference 86 
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The  nitrogen  caught  in  the  drainage  was  divided  as  follows : 

Grams 

Recovered  as  nitrate 0.268 

Recovered  as  ammonia 257 

Recovered  as  nitrite 008 

Recovered  in  other  forms 027 

These  figures  indicate  a  progressive  reduction  of  nitrates  to 
ammonia  in  the  soil  and  probably,  as  inferred  by  Shorey,  to  a 
difficultly  soluble  organic  form.  The  evolution  of  nitrogen  gas 
from  the  soil  was  not  apparent  during  the  investigation,  and  a 
total  nitrogen  determination  made  at  the  conclusion  of  the  test 
showed  a  gain  in  nitrogen  corresponding  closely  with  the  differ- 
ence between  the  nitrogen  added  and  that  contained  in  the  drain- 
age. While  such  a  passing  of  soluble  nitrogen  into  a  compara- 
tively inert  form  through  the  agency  of  micro-organisms  consti- 
tutes a  loss  as  far  as  the  immediate  efficiency  of  such  nitrogenous 
fertilizing  material  is  concerned,  it  is  naturally  less  serious  than 
the  action  produced  by  other  dentrifying  bacteria  which  reduce 
the  nitrates  to  nitrogen  gas  with  a  resultant  loss  of  nitrogen  from 
the  soil. 

To  note  the  effect  of  nitrate  of  soda,  sulphate  of  ammonia  and 
dried  blood  upon  the  lime  of  the  soil  used  in  the  lysimeter  tests 
described  in  the  preceding  pages  of  this  bulletin,  the  amounts 
of  this  latter  element  carried  away  in  the  drainage  waters  from 
tubs  Nos.  7,  9,  10  and  11  were  carefully  determined,  with  the 
following  results: 
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Lime  Contained  in 

Drainage. 

Grams. 

Irrigation 
No.  of 

7 

9           1 

:o            1 

11 

Nitrate  of        I 

Sulphate  of                I> 

rled 

Soda            1 

Ammonta                 B 

lood 

I 
2 

6.0517 

1 1 .0484 

6.05115           6 

•3580 

3 

2.99585 

9.99277 

3.98O52               2 

97343 

4 

1-55658 

3.IOIO7 

3^71574               I 

18770 

5 

.76217 

.94605       1 

2.62856 

69239 

5 

•49484 

.46046       1 

2.67746 

47712 

7 

•41693 

.38272 

2.55937 

40650 

8 

.30000 

•27456 

2.29059 

53508 

9 

.30940 

.28500 

2.3390^) 

636530 

10 

.246?!  2 

.27272 

1.77927 

60408 

II 

.23707 

•31446       , 

1.36762 

52806 

12 

.23026 

•27346 

1.00584 

46277 

13 

.24877 

.23306 

.86900 

45623 

14 

,    -23870 

•34991 

.71368 

56108 

15 

1    -35956 

•48327 

•76734 

5.5888 

i6 

.27125 

.20996 

.66518 

47392 

17 

1   .27710 

•20527 

•55361 

33970 

i8 

.22213 

•  1 1340 

.40108 

24924 

19 

.24403 

•15236 

.40964 

25069 

20 

1   .25286 

• 1707I 

•37391 

25019 

21 

1   .30240 

.16903 
29.43864 

.44188 

27331 

Total 

i  16.01772 

fc — : ^ 

35.59650            18 

27437 

While  there  was  some  little  difference  in  the  total  quantities 
of  drainage  water  from  these  lysimeters,  following  the  application 
of  the  same  amounts  of  irrigation  water,  the  data  yielded  by  the 
experiments  with  respect  to  the  quantities  of  lime  removed 
through  the  agency  of  nitrogenous  fertilizers  are  sufficiently  com- 
parative for  our  purposes.  The  soil  to  which  none  of  the  sub- 
stances under  consideration  was  added  lost  16.02  grams  of  lime. 
Where  nitrate  of  soda  was  applied,  29.44  grams  of  lime  were 
found  in  the  drainage  receiver,  of  which  quantity  13.42  grams 
were  due  to  the  effect  of  the  nitrate.     The  sulphate  of  ammonia 
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was  responsible  for  a  loss  of  lime  from  the  soil  of  tub  No.  lo, 
amounting  to  19.58  grams,  and  the  dried  blood  occasioned  a  loss 
of  2.25  grams. 

While  these  results  confirm  those  of  lysimeter  tests  reported  in 
Bulletin  No.  8  of  this  Division  respecting  the  greater  loss  of  lime 
from  soils  following  applications  of  sulphate  of  ammonia  as  com- 
pared with  nitrate  of  soda,  per  unit  weight  of  nitrogen  added, 
the  data  on  this  point  with  reference  to  dried  blood  show  a  non- 
conformity. Where  water  with  200  grains  of  salt  per  U.  S. 
gallon  was  passed  through  a  soil  containing  dried  blood,  the  loss 
of  lime  was  greater  than  where  the  soil  contained  nitrate  of  soda. 
These  experiments  with  fresh  water  as  shown  above  yielded  re- 
sults which  are  quite  contrary  to  those  previously  reported  with 
reference  to  salt  water  drainages,  and  further  work  along  this 
line  is  necessary  to  elucidate  this  very  interesting  point.  The 
fact  that  for  each  pound  of  nitrogen  added  to  this  particular  soil 
1.2  pounds  of  lime  were  rendered  soluble  where  sulphate  of 
ammonia  was  used,  and  0.82  pound  of  lime  where  nitrate  of  soda 
was  applied,  shows  thai  the  idea  which  is  prevalent  in  these  islands 
to  the  effect  that  nitrate  is  the  **lime  robber,"  comparatively 
speaking,  is  unfounded.  Similar  results  to  these  have  been  reached 
by  the  Rothamstead  and  other  stations  dealing  with  the  com- 
position of  drainage  waters. 
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SECOND  SERIES  OF  LYSLMETER  TESTS. 


These  tests  were  conducted  to  note  the  effect  on  the  Station 
soil  of  heavy  dressings  of  burned  lime,  ground  coral  and  gypsum 
with  respect  to  the  rate  of  nitrification,  and  the  amounts  of 
lime,  potash,  and  phosphoric  acid  passing  off  in  the  drainage 
water  following  copious  irrigations.  All  of  the  conditions  of  the 
experments  were  the  same  as  those  described  for  the  first  series, 
except  that  to  each  of  three  quantities  of  soil,  instead  of  adding 
nitrogenous  materials,  lime  was  applied  in  several  different  forms 
at-the  rate  of  loo  grams  per  lOO  pounds  of  water-free  soil.  Tub 
No.  7,  which  constituted  the  check  in  the  preceding  experiments, 
also  offered  the  basis  for  comparison  in  the  second  series,  the 
tests  having  been  started  simultaneously.  The  nature  and  quan- 
tities of  the  materials  used  in  these  investigations  were  as  follows : 


No.  of 
Lysi  meter 

Material  Added 
to  Soils 

Quantity  of  Material 
Added  to  Soils 

I 
2 

3 

4 

7 

Burned  Lime 
Ground  Coral 
Gypsum 
Bonemeal 
Check 

167  grams 
378  grams 
472  grams 
504  grams 

Data  on  the  water  content  of  the  soils  during  the  progress  of 
the  experiments,  the  amounts  of  irrigation  and  drainage,  and  the 
quantities  of  nitric  nitrogen,  lime,  and  potash  caught  in  the  drain- 
age receivers  are  presented  in  the  following  tables : 
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Irrigation  and  Drainage. 


1 

1 

2 

8 

Ho    of 

Irrigation 

Irriga- 
tion 

Liters 

Drainage 
Liters 

Irriga- 
tion 
Liters 

Drainage 
Liters 

Irriga- 
tion 
Liters 

Drainage 
Liters 

■   r 
I 

20 

20 

20 

2 

lO 

S-300 

10 

5-SSO 

10 

5.060 

3 

lO 

6.930 

10 

7.000 

10 

6.800 

4 

lO 

7.180 

10 

7-S90 

10 

7  450 

5 

IS 

7.000 

15 

7.060 

•5 

6.940 

6 

15 

5.800 

15 

6.300 

IS 

6.370 

7     1 

15 

5-250 

15 

6.200 

15 

6.200 

8     ' 

15 

4.100 

15 

6.030 

IS 

5.800 

9      1 

IS 

4.790 

IS 

6.000 

15 

6.350 

lO       • 

IS 

4 -330 

IS 

5  320 

15 

5.000 

II 

IS 

4.400 

15 

5-550 

15 

5-470 

12 

IS 

3.810 

IS   1 

5  030 

15 

5.  no 

^3      1 

IS 

5-300 

15 

6-550 

15 

5-360 

14      ' 

IS 

5.910 

15 

6.460 

15 

6.020 

15 

IS 

6.080 

IS    ' 

6.090 

15 

6.220 

i6 

IS 

6.960 

IS 

6.740 

15 

6.410 

'7      , 

IS 

6.410 

15 

6.410 

15 

6.040 

i8      1 

15 

5. no 

15 

5-140 

IS 

4.460 

19      1 

IS 

4.850 

IS 

5.000 

15 

4.440 

20 

IS 

4-750 

15  , 

5-170 

15 

4.480 

21 

IS 

6.060 

IS 

6.400 

IS 

5.670 

Total 

30S  . 

110.32 

305  1 

121.59 

305 

115-65 
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Moisture  of  Soils  Previous  to  Respective  Irrigations,  Showing 
Percentage  of  Saturation. 


1 

2 

s 

7 

Irrtimtion 

No. 

Lime 

(i  round  Coral 

(Jvpsum 

Check 

1 

34.68 

34.68 

34-68 

34.68 

2 

85-71 

86.47 

84.98 

85.68 

3 

90.66 

90.87 

90.26 

91-34 

4 

91.42 

92.68 

92.25 

92.18 

5 

75-67 

72.82 

75-49 

75-39 

6 

72.01 

73.66 

73.75 

74-51 

7 

70 -34 

73-24 

73-24 

75-42 

8 

65.8s 

72.72 

72.02 

73-39 

9 

68.95 

72.62 

73-70 

75.06 

lO 

67-54 

70-57 

69.59 

72.21 

II 

67-76 

71.26 

71.02 

72-75 

12 

65 -97 

69.69 

69.92 

70.96 

13 

70.50 

74-31 

70.68 

73-91 

14 

72.36 

74-03 

72.70 

75-12 

15 

72.87 

72.90 

73.30 

76.03 

i6 

75 -.54 

74-88 

73.88 

75.67 

17 

73-87 

73.88 

72.75 

75.06 

i8 

69.92 

70.02 

67.95 

69.66 

19 

69.13 

69 -59 

67.89 

70.26 

20 

68.83 

70.10 

68.00 

70-75 

21 

72.81 

73-85 

71.63 

73-85 
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Average  Percentage  of  Saturation  Between 
Respective  Irrigations. 


Inten'als  Between 

Tn*{(7fttf  rtns 

1 

2 

3 

7 

Nob. 

Lime 

Gronnd  Coral 

Gypsum 

(heck 

I  and    2 

92.85 

93-23 

92.49 

92.84 

2  and     3 

95-33 

95-43 

95-13 

95-67 

3  and    4 

95  71 

96.34 

96.12 

96.09 

4  and     5 

87.83 

86.41 

87-74 

87.69 

5  and    6 

86.00 

86.83 

86.87 

87-25 

6  and     7 

85-17 

86.62 

86.62 

87.71 

7  and    8 

83.42 

86.36 

86.01 

86.69 

8  and    9 

84.47 

86.31 

86.85 

87-53 

9  and  10 

83-77 

85.28 

84.79 

86.10 

10  and  II 

83.88 

85-63 

85-51 

86.37 

II  and  12 

82.98 

84.84 

84.96 

85.48 

12  and  13 

85-25 

87-15 

85 -34 

86.95 

13  and  14 

86.18 

87.01 

86.35 

87.56 

14  and  15 

86.43 

86.40 

86.65 

88.01 

15  and  16 

87.77 

87.44 

86.94 

87.83 

16  and  17 

86.93 

86.94 

86.37 

87.53 

17  and  18 

84.96 

85.01 

1      83.97 

84.83 

18  and  19 

84.56 

84-79 

83-94 

85.13 

19  and  20 

84.41 

85-05 

84.00 

85.37 

20  and  21 

86.40 

86.92 

85.81 

86.92 

Average 

86.71 

87.49 

87.12 

87.97 
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Nitric  Nitrogen  in  Drainage  Water. 
Grams. 


Drainage 

1 

2 

r 

3 

7 

from 

Irrigation 

Lime       Gro 

und  Coral 

Gypsum 

Check 

I 
2 

.89782 

■97125 

•77924 

.88872 

3 

.46569 

.49000 

.37128 

.40040 

4 

.08149 

. 1 1422 

.10951 

.09621 

5 

.10500 

.08683 

.07772 

.08983 

6 

.08729 

08268 

.06019 

.08109 

7 

•  10749 

11609 

.08788 

.10051 

8 

08825 

10763 

.08932 

•09843 

9 

12238 

12390 

•  10779 

■I2138 

ID 

1 1366 

12382 

.08400 

.12613 

II 

I2881 

13597 

.10051 

19569 

12 

09401 

1 307 1 

.08763    , 

1 1 540 

13  ! 

1 1686 

12723 

.07222 

13257 

14 

1 1583 

13679 

.08638    ' 

1 265 1 

15 

08937 

1 428 1 

•  10340 

15699 

i6 

II814 

14036 

. 10207 

1 1 147 

17 

10095 

I2II4    ; 

.08138 

12495 

i8      ;      . 

08137 

09714 

•05931     , 

08257 

19    :    • 

07299 

08050    1 

.06449 

08221 

20 

07231 

09680 

.05096 

07491 

21 

07847 

10528 

.08400 

07056 

Total    3 

.13818      3 

531 15    ' 

2.65928        3. 

276'53 
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Potash  in  Drainage  Water. 
Grams. 


Drainage 

from 

Irrigation 

No. 


Lime 


I     Ground  Coral 


Gypsum 


Check 


I 

2      I  . 

17831 

1 1 

1 

.77630   j  I 

01599 

1 

•83332 

3 

73002 

.54048   ■ 

57780 

.49242 

4 

29808 

.50210   1 

50368 

•35531 

5  1   • 

23492 

.25910 

79116 

.29229 

6  ' 

18284 

.21602 

39174 

.21030 

7  i 

14564 

•15997 

38910 

.18459 

8 

1 1 294 

.16902 

36766 

•  15277 

9 

14426 

•  16703 

41792 

.17677 

lO 

13209 

.13881 

30506 

.15887 

II 

13614 

15773 

33851 

•15097 

12 

1 1049 

.12490 

30040 

.17366 

13 

14240 

. 12421 

28569 

.16164 

14 

16194 

•  16774 

32321 

• 16571 

15 

15422 

. 16776 

38794 

.21064 

i6 

19848 

■  17259 

.40974 

•15854 

'7 

17906 

.16632 

34742 

.17446 

i8 

14523 

. 14010 

25416 

•15095 

19 

13572 

. X6320 

28166 

.12025 

20 

13947 

.12662 

28137 

.15081 

21 

13255 

.14899 

38471 

•  12759 

Total  \      4 

.79480 

4- 58899    8 

35492 

4.60186 
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Lime  in  Drainage  Water. 

Grams. 

Drainage 

1 

2 

3 

1   7 

from 

1 

Irrigation  "• 
Ro. 

t  - 

Lime 

Ground  Coral      G] 

1 

rpsum 

Check 

I 
2 

5.89890 

6.02730       5. 

11060 

1  6.05170 

3 

3.05613 

3.09400     i  3. 

34560 

2^99585 

4 

I . 10572 

1-37758     i   2. 

49947 

:  1-55658 

5 

.47600 

•53656     !    3 

09588 

1    -76217 

6 

.26100 

.40162      j    I. 

98998 

i    .49484 

7 

.22443 

. 32860      1    I . 

95610 

•41693 

8 

.17117 

.28190          I. 

81395 

.30000 

9 

.22273 

.26850          I 

96215 

.30940 

lO 

.19809 

.26866          I 

50000 

.24612 

II 

.23980 

.23448          1 

70664 

;    23707 

12 

.17430 

.22509          I 

50234 

.23026 

13 

.20140 

.30130          I 

51554 

•24877 

H 

.27747 

.27132          I 

61 185 

.23870 

15 

.31312 

•29993          I 

77736 

•35956 

i6 

.22622 

•25443          I 

90738 

.27125 

17 

.266bi 

•25319          I 

78935 

.27710 

i8 

.21462 

1       .27113          I 

•34357 

.22213 

19 

.22916 

. 24250          I 

47963 

•24403 

20 

.20543 

•23394          I 

.48960 

.25286 

21 

.26209 

!     31520      I 

•88527 
.28226 

.30240 

Total 

14.22379 

15.48723    41 

16.01772 
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Considering  first  the  quantities  of  nitric  nitrogen  in  the  drain- 
age waters  from  the  various  tubs  and  comparing  the  figures 
yielded  by  lysimeters  Xos.  i,  2,  and  3  with  the  total  nitric  nitrogen 
in  the  drainings  from  the  soil  (No.  7)  to  which  no  lime  cc«npound 
was  added,  it  will  be  noted  that  ground  coral  caused  an  increase 
of  nitric  nitrogen  in  the  soil  water  and  burned  lime  and  gypsum 
caused  a  decrease. 

In  adding  one  gram  of  lime  (CaO)  in  the  materials  under  con- 
sideration to  one  gram  of  dry  matter  in  the  soil,  the  rate  per  acre 
of  the  applications  of  the  various  substances  would  be : 

Burned  Lime 3 .92  tons 

Ground  Coral   8.87  tons 

Gypsum   11 .08  tons 

For  each  ton  of  lime  contained  in  the  materials  there  was  an 
approximate  gain  or  decrease  in  the  amounts  of  nitric  nitrogen 
produced  (figured  on  the  acre  basis),  as  follows: 


Material 


Burned  Lime 
Ground  Coral 
Gypsum 


Gain  or  Decrease  in  Nitric  Nitrogen 


— 1.69  lbs. 
+3.10  lbs. 
—7.54  lbs. 


The  gain  or  decrease  in  nitric  nitrogen  for  each  ton  of  material 
applied  (on  the  acre  basis)  is  shown  by  the  following  figures: 


Material 


Burned  Lime 
Ground  Coral 
Gypsum 


Gain  or  Decrease  in  Nitric  Nitrogen 


—1.66  lbs. 
+  1.35  lbs. 
— 2.61  lbs. 


This  difference  between  the  effect  of  quicklime  and  that  of 
ground  coral  or  lime  carbonate  on  nitrification  in  this  soil  is  doubt- 
less due  to  the  difference  in  the  soil  reaction  following  the  applica- 
tion of  the  respective  forms  of  lime.  The  addition  of  an  amount  of 
caustic  lime  in  the  test  corresponding  to  nearly  four  tons  to  the 
acre  evidently  created  a  degree  of  alkalinity  which  was  prejudi- 
cial to  the  activities  of  the  nitrifying  organisms,  while  in  the  case 
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of  ground  coral  no  injurious  conditions  of  this  nature  were 
created.  On  other  types  of  soil,  containing  large  quantities  of  or- 
ganic matter  and  small  amounts  of  lime  such  a  retardation  of  nitri" 
fication  following  the  application  of  similar  quantities  of  caustic 
lime  would  not  be  expected  and  in  the  case  of  soils  highly  charged 
with  organic  matters  and  characterized  by  an  acid  reaction  large 
quantities  of  burned  lime  have  proved  radically  effective  in  accel- 
erating the  nitrifying  action.  It  is  a  matter  of  common  observa- 
tion that  satisfactory  results  from  liming  are  frequently  not  ob- 
served in  the  case  of  some  soils  until  one  or  two  years  have  elapsed 
since  the  application  was  made  and  the  lime  has  been  entirely  or 
almost  entirely  converted  into  the  carbonate  form. 

The  fact  that  sulphate  of  lime  or  gypsum  exerted  a  depressive 
influence  upon  nitrification  is  of  considerable  interest,  the  de- 
crease in  the  quantity  of  nitric  nitrogen  produced  being  equiva- 
lent to  approximately  7.54  pounds  per  acre  for  each  ton  of  lime 
in  the  form  of  gypsum  added  to  the  soil.  The  deleterious  action 
of  gypsum  in  this  particular  is,  in  the  opinion  of  the  writer,  an 
indirect  one,  and  was  caused  by  the  large  amounts  of  potash 
rendered  soluble  through  displacement  of  that  element  by  the  lime 
of  the  gypsum.  It  will  be  noted  by  reference  to  the  table  on 
page  25  that  the  application  of  472  grains  of  gypsum  to  the  soil 
of  lysimeter  No.  3  resulted  in  an  increase  of  potash  in  the  drainage 
water  amounting  to  3.75  grams,  equivalent  to  198  pounds  per 
acre.  That  the  presence  of  this  large  quantity  of  potash  in  the 
water  of  the  soil  during  the  progress  of  the  experiments  was 
^  largely,  if  not  wholly,  responsible  for  the  retardation  of  nitrifica- 
tion seems  a  logical  conclusion,  insomuch  as  potassium  salts, 
when  added  in  considerable  quantities  to  the  soil,  are  known  to 
create  unfavorable  conditions  for  the  nitrifying  organisms.  In 
applying  fertilizers  to  various  plats  under  Lahaina  cane  at  this 
Station,  it  has  been  found  that  the  continuous  use  of  sulphate  of 
potash  alone  tends  to  decrease  the  yields  rather  than  raise  them 
and  that  the  best  results  are  gained  when  nitrogen  in  readily 
available  forms  is  added  along  with  the  potassic  manures,  the 
yields  in  such  instances  being  considerably  greater  than  where 
nitrogen  is  used  by  itself.  This  point  is  well  illustrated  by  the 
data  obtained  from  an  eight-year  test,  comprising  two  plant  and 
two  ratoon  crops.  For  purposes  of  comparison,  the  time  of  the 
experiment  may  be  divided  into  two  periods,  each  period  repre- 
senting one  plant  crop  with  the  succeeding  ratoons  from  the  same. 
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Material  Applied. 

100  Lbs.  of  Each  Element 

per  Acre 

Percentage  of  Gain 

In  Sugar. 

FIRST  PERIOD 

•-■  ■" 

Percentage  of  Gain  or  Loss 

In  Sugar. 

SECOND   PERIOD 

Potash 

Nitrogen 

95 
8.7 

48.1 

—11.3 
+36.0 

+44.8 

Nitrogen  and  Potash 

The  nitrogen  was  added  in  a  mixture  containing  nitrate  of  soda, 
sulphate  of  ammonia,  and  dried  blood.  That  both  nitrogen  and 
potash  are  present  in  the  Station  soil  in  quantities  insufficient 
for  maximum  yields  is  apparent  from  these  figures.  For  the 
first  period  potash  applied  alone  caused  a  small  increase  in  the 
yields  of  sugar,  for  the  reason  that,  although  it  very  probably 
exerted  a  retarding  influence  upon  the  production  of  nitrates,  th€ 
quantity  of  available  nitrogen  was  still  sufficient  to  permit  a 
greater  growth  when  supplemented  with  the  required  potash, 
than  was  the  case  with  the  unfertilized  cane.  That  a  small  gain 
also  followed  the  appHcation  of  nitrogen  alone  is  not  inconsistent 
when  it  is  considered  that  the  nitrogen  so  added  had  an  indirect 
as  well  as  a  direct  value,  and  that  small  supplies  of  potash 
were  made  available  through  the  action  of  the  nitrate  in  the  fer- 
tilizer and  the  nitrates  produced  from  the  nitrification  of  the 
sulphate  of  ammonia  and  dried  blood.  During  the  second  period 
the  soil  of  the  potash  plat  which  had  been  gfreatly  depleted  of 
nitrogen  by  the  growth  and  harvesting  of  two  crops  of  cane, 
produced  such  a  small  supply  of  nitrates  under  normal  conditions 
that  any  check  to  nitrification  from  the  addition  of  potassium 
salts  became  a  serious  matter  with  a  consequent  decrease  in  yields 
amounting  to  over  11  per  cent.  That  the  gain  in  sugar  for  the 
nitrogen  plat  during  the  second  period  amounted  to  36  per  cent 
is  not  surprising  when  it  is  considered  that  this  plat  contained 
much  more  available  nitrogen  and  from  the  indirect  action  of  the 
latter  larger  supplies  of  available  potash  than  the  depleted  unfer- 
tilized plat  which  had  borne  two  successive  crops  of  unmanured 
Lahaina  cane. 

It  should  not  be  inferred  from  these  results  showing  the  check 
to  nitrification  brought  about  by  heavy  dressings  of  gypsum,  that 
gypsum  is  a  compound  to  be  avoided  in  the  mixing  of  cane  fer- 
tilizers. The  superphosphates  applied  in  our  high  grade  manures 
contain  a  large  percentage  of  gypsum,  and  this  latter  material 
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i?  also  often  used  as  a  "filler"  in  making  up  Hawaiian  fertilizers. 
Dr.  E.  W.  Hiilgard  in  discussing  the  value  of  gypsum  from  the 
standpoint  of  its  influence  upon  nitrification  states  :* 

"Earthy  and  alkaline  sulphates  *  *  *  *  seem  to 
*'act  favorably  throughout,  at  least  up  to  .5  per  cent  this  is 
especially  true  of  gypsum,  which,  according  to  Pichard, 
"accelerate  the  process  (nitrification)  more  than  any  other 
'substance  known." 

The  quantity  of  gypsum  added  to  the  soil  in  the  test  under  con- 
sideration was  equivalent  to  practically  .  55  per  cent  of  the  weight 
of  the  soil.  The  small  quantities  of  this  material  used  in  mixed 
fertilizers  are  undoubtedly  of  benefit. 

The  figures  showing  the  amounts  of  potash  caught  in  the  drain- 
age receivers  of  lysimeters  Nos.  i  and  2  are  given  on  page  25. 
Where  burned  lime  was  applied  to  the  soil  the  extra  potash 
brought  into  solution  in  the  soil  water  amounted  to  0.19  grams 
or,  figured  to  an  acre  basis,  9  pounds.  Ground  coral  gave  a 
slight  decrease  in  the  potash  content  of  the  drainage  water  from 
tub  No.  2  amounting  o  .013  grams  or  0.61  pounds  to  the  acre. 
This  difference  between  the  quantities  of  potash  removed  in  the 
drainage  from  tubs  Nos.  2  and  7  is  so  small  that  it  may  be  con- 
sidered well  within  the  limits  of  anaU'tical  error  in  this  particular 
instance,  although  other  unpublished  data  gained  from  similar 
lysimeter  experiments  with  the  Station  soil  have  given  a  larger 
reduction  in  soluble  potash  following  the  application  of  large 
quantities  of  ground  coral. 

The  quantities  of  lime  in  the  respective  drainage  waters  show 
large  differences.  Where  burned  lime  was  applied  to  the  soil, 
the  amount  contained  in  solution  in  the  soil  water  was  T.79  grams 
less  than  when  no  lime  was  added,  and  in  the  case  of  ground 
coral  the  difference  was  0.53  grams  in  favor  of  the  check  ex- 
periment. On  the  other  hand,  the  lime  in  the  drainage  from  tub 
No.  3  containing  gypsum  showed  a  gain  of  25.26  grams  over  that 
caught  in  the  drainage  receiver  of  tub  No.  7,  to  which  no  lime 
compound  was  added.  Applying  these  results  to  an  acre  scale, 
it  is  found  that  where  3.92  tons  of  burned  lime  were  applied  to 
the  soil,  the  drainage  water  showed  84  lbs.  of  lime  less  than 
where  lime  had  not  been  added ;  in  the  case  of  ground  coral,  8.87 
tons  of  this  material  being  applied,  the  drainage  water  contained 


•  Hilgard'fl  "Soils",  page  147. 
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about  25  lbs.  less.  Through  the  addition  of  1 1.08  tons  of  gypsum 
to  the  soil  the  drainage  water  showed  a  gain  amounting  to  1185 
lbs.  of  lime.  The  reduction  in  the  quantities  of  lime  containecl 
in  the  soil  water  by  the  application  of  large  quantities  of  lime  in 
the  caustic  and  carbonate  forms  is  a  point  of  considerable  inter- 
est and  one  which  requires  further  investigation  before  any 
definite  conclusions  may  be  reached  as  the  underlying  causes  of 
this  phenomenon. 

The  solubility  of  the  phosphoric  acid  of  the  soils  was  affected 
by  the  different  forms  of  lime  added  to  the  tubs  in  the  severai 
experiments,  although  the  amounts  of  this  element  found  in  the 
drainage  water  were  very  small  in  each  instance.  The  quantities 
of  phosphoric  acid  determined  in  the  drainages  were  as  follows : 


Tub  No. 

Material  Added 

PhM.  Acid  In  Drainage. 
Grams. 

I 
2 
3 

Burned  Lime 
Ground   Coral 
Gypsum 

•37338 
.36297 
.24580 

.46662 


It  is  noteworthy  that  where  gypsum  was  applied,  the  smallest 
quantity  of  phosphoric  acid  passed  into  the  receivers,  the  largest 
quantity  being  present  in  the  drainage  from  the  check  iysimeter. 
Lime  carbonate  as  ground  coral  reduced  the  solubility  of  the 
phosphates  to  a  somewhat  greater  extent  than  caustic  lime. 
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LETTER   OF  TRANSMITTAL. 


To  the  Experiment  Station  Committee  of  the  Hawaiian  Sugar 
Planters'  Association,  Honolulu,  T.  H. 

Dear  Sirs: — I,  herewith,  submit  for  publication  as  Bullet  n 
No.  20  of  the  Division  of  Agriculture  and  Chemistry,  an  article 
entitled  "A  Theory  of  the  Extraction  of  Sugar  from  Masse- 
cuites "  This  article  has  been  prepared  by  Mr.  Noel  Deerr, 
Assistant  Director  of  this  Division. 

Yours  very  respectfully, 

C.  F.  ECKART, 
Director,  Division  of  Agriculture  and  Chemistry. 

Honolulu,  Hawaii,  Aug.  20th,  1907. 
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A  THEORY  OF  THE  EXTRACTION  OF  SUGAR 
FROM  MASSECUITES. 


By  Noel  Deerr. 

The  object  of  this  bulletin  is  to  collect  into  an  accessible 
form  the  data  requisite  for  a  systematic  scheme  of  sugar 
boiling  and  to  establish  some  simple  algebraical  formulae  con- 
necting purity  of  massecuite  and  concentration  to  which  it 
should  be  boiled  to  obtain  the  best  results.  Incidentally  tb* 
bearing  of  these  results  on  the  process  known  as  **Crystal- 
lization  in  Motion"  and  an  apparatus  known  as  the  ''Bras- 
moscope"  are  discussed. 

At  the  risk  of  repeating  what  is  fully  known  to  every  one 
connected  with  the  sugar  industry,  some  fundamental  defini- 
tions are  explained. 

Solubility.  The  solubility  of  a  solid  in  a  liquid  is  a  definite 
constant  at  any  particular  temperature,  and  is  independent  i^f 
any  mechanical  treatment  (stirring  or  crystallization  in  mo- 
tion) that  the  solution  receives-  In  the  appendix  is  given  a 
table  of  the  solubility  of  sugar  in  water  at  different  tempera- 
tures. 

The  solubility  of  sugar  in  water  is  affected  by  the  simul- 
taneous presence  of  other  bodies.  In  general,  the  combined 
effect  of  the  bodies  present  in  cane  products  is  to  decrease  the 
solubility  of  sugar  and  in  what  may  be  termed  Geerlig's 
Theory  of  molasses  a  definite  relation  between  the  relative 
amounts  of  organic  potassium  salts  (as  indicated  by  the 
alkalinity  of  the  soluble  ash)  and  glucose,  and  the  solubili*^v 
of  sugar  in  exhausted  molasses  is  established  for  Java 
molasses;  this  relation  was  not  found  by  Mr.  S.  S.  Peck  lo 
hold  in  the  case  of  Hawaiian  molasses. 

It  is  certain,  however,  that  certain  bodies,  of  which  organic 
potassium  salts  are  examples  are  melassigenic,  i.  e.,  they  in- 
crease the  solubility  of  sugar  in  water.  There  is  also  reason 
to  believe  that  in  a  sense  the  solubility  of  sugar  in  very  im- 
pure solution  is  affected  by  the  viscosity,  i.  e.,  if  water  be  con- 
tinually removed  from  impure  sugar  solutions  the  massecuite 
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eventually  becomes  so  viscous  that  the  sugar  molecules  have 
not  sufficient  freedom  of  movement  to  deposit  on  crystals 
already  formed  and  (so  to  speak)  remain  in  solution*  actually 
the  sugar  is  probably  present  in  the  solid  state  but  in  the  form 
of  microscopic  or  ultra-microscopic  crystals. 

A  saturated  solution  is  one  where  the  dissolving  medium 
(water  for  example)  can  dissolve  no  more  of  the  solid,  and  conse- 
quently if  the  dissolving  medium  (water)  be  removed  by  eva- 
poration, crystals  of  the  dissolved  body  (sugar)  separate. 

A  Supersaturated  Solution  is  one  where  (temporarily)  more 
solid  is  held  in  solution  than  is  the  case  in  the  final  position  of 
equilibrium  between  solvent  and  dissolved  solid.  Such  a  po'^i- 
tion  can  be  obtained  by  the  orradual  removal  of  water  from 
a  solution  of  sugar  in  water;  in  the  chanee  of  a  material  from 
the  dissolved  to  the  solid  state  a  certain  resistance  has  to  ^e 
overcome,  and  the  changfe  is  not  instantaneous:  from  a  solu- 
tion at  or  near  the  point  of  saturation  water  can  be  removed 
faster  than  the  dissolved  solid  can  change  its  state  of  aG^p^re<yq- 
tion  and  a  state  known  as  supersaturation  results.  Such  a 
process  actually  happens  in  the  pan ;  at  erraining  a  supersatu- 
rated solution  is  formed  in  which  suddenlv  a  crop  of  minute 
crystals  appear.  With  pure  solutions  which  are  not  very 
viscous  the  supersaturation  is  very  low  but  as  the  boilin? 
progresses  and  more  and  more  sue:ar  is  removed  from  solution 
a  more  viscous  mother  liquor  results:  the  resistance  towards 
crystallization  increases  and  the  mother  liauor  becomes  more 
and  more  supersaturated ;  on  striking  out  the  contents  of  th*-* 
pan  eventually  all  the  suq:ar  contained  in  supersaturated  solu- 
tion separates  but  in  general  unless  the  mass  is  kept  stirred 
the  crystals  separate  out  as  fine  erain  in  a  form  not  canab'e 
of  recovery:  the  craft  skill  of  the  suear  maker  should  be 
directed  towards  maintainine  the  supersaturation  in  the 
mother  liquor  as  low  as  possible,  so  that  as  much  of  the  ^rv^- 
tallization  as  possible  is  done  in  the  pan ;  if  a  too  hierh  deoroe 
of  supersaturation  be  allowed  to  occur  in  the  p^n  there  is  d^  i- 
ger  of  a  sudden  deposition  of  crvstals  in  the  form  of  fine  or 
"false"  grain:  a  rapid  and  complete  circulation  in  the  pan 
whereby  crystals  already  formed  are  broueht  frequently  into 
contact  with  the  mother  liquor  is  the  cause  which,  as  much  ;'S 
finything,  goes  to  prevent  a  too  high  supersaturation. 


Digitized  by 


Google 


All  low  grade  strikes  when  boiled  string  proof,  form  super- 
saturated solutions  on  cooling  from  which  the  sugar  separates 
with  extreme  slowness,  in  some  cases  weeks  being  taken  b*^- 
fore  grain  appears;  if  such  a  strike  be  watched  as  it  cools  it 
will  be  found  that  when  it  reaches  the  temperature  of  the  air 
it  is  extremely  viscid  and  remains  so  for  some  time ;  it  is  now 
in  a  state  of  supersaturation ;  suddenly  the  viscosity  become*? 
much  less,  the  mother  liquor  becomes  liquid  and  more  free, 
and  grain  is  found  to  be  abundantly  present;  this  change  fro^? 
a  viscous  supersaturated  solution  to  a  free  saturated  solution 
and  suspended  solid  often  takes  place  with  great  suddenness. 

Boiling  point.  All  liquids  are  constantly  giving  off  vapor 
from  their  surface  and  when  the  pressure  of  the  vapor  equals 
that  of  the  surrounding  atmosphere  the  liquid  boils ;  as  the 
pressure  of  the  surrounding  atmosphere  increases  so  does  the 
boiling  point  of  the  liquid,  and  conversely  with  a  fall  of  pre:-- 
sure  there  is  a  corresponding  fall  in  the  boiling  point;  when 
water  or  other  liquid  boils  under  a  pressure  less  than  that 
normally  due  to  the  atmosphere  it  is  said  to  boil  under  reduced 
pressure  or  less  correctly  **in  vacuo."  It  is  customary  to  ex- 
press the  pressure  under  which  sugar  solutions  are  boiled  in 
"inches  of  vacuum."  The  normal  pressure  of  the  atmosphere 
will  support  a  column  of  mercury  29.92  inches  high ;  an  abso- 
lute vacuum  would  then  be  expressed  as  29.92  inches,  and  a 
vacuum  of  25  inches  will  mean  that  the  excess  pressure  of  the 
atmosphere  over  the  pressure  in  the  vessel,  in  which  there  is 
a  vacuum  of  25  inches,  is  29.92 — 25  =  4.92  inches.  This  method 
of  expressing  pressure  less  than  one  atmosphere  is  not 
altogether  convenient  and  for  many  reasons  it  would  be  better 
to  speak  of  a  pan  being  boiled  under  a  pressure  of  5  inches 
absolute,  rather  than  as  under  a  vacuum  of  25  inches.  At  the 
end  of  this  bulletin  is  given  a  table  connecting  the  temperature 
and  pressure  at  which  water  boils,  for  pressures  from  i 
inch  to  6  inches  of  mercury  or  roughly  for  vacua  from  24 
inches  to  29  inches. 

Effect  of  dissolved  solids  on  the  boiling  point.  The  hoilin?^ 
point  is  increased  by  the  presence  of  dissolved  solids  and  the 
following  important  relation  connects  boiling  point,  amount 
of  dissolved  solid  and  pressure  under  which  ebullition  occurs. 
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*'The  elevation  of  the  boiling  point  due  to  the  dissolv-d 
solids  is  independent  of  the  pressure  under  which  ebullition 
occurs."  For  example,  under  a  pressure  of  one  atmosphere 
water  boils  at  212  deg.  F.  and  a  75%  solution  of  sugar  at  225.2 
deg.  F.  The  elevation  in  the  boiling  point  is  then  13.2  deg.  F. ; 
under  a  pressure  of  4  inches  of  mercury  (25.9  inches  of 
vacuum)  water  boils  at  125.6  deg.  F. ;  a  75%  solution  of  sugar 
imder  the  same  pressure  will  then  boil  at  125.6+13.2=137.8 
deg.  F.  The  temperatures  at  which  sugar  solutions  of  dif- 
ferent concentrations  boil  under  atmospheric  pressure  have 
been  determined  (see  table  at  end)  ;  if  then  the  temperature  of 
a  boiling  sugar  solution  be  known,  and  also  the  pressure  under 
which  ebullition  occurs,  then  from  the  elevation  of  the  boiling 
point  over  and  above  the  boiling  point  of  water  under  th** 
same  pressure,  the  amount  of  sugar  in  the  boiling  mass  can  be 
at  once  found.  For  example,  under  a  pressure  of  4  inches  of 
mercury  a  sugar  solution  boils  at  159.4  deg.  F. ;  water  under 
this  pressure  boils  at  125.6  ikg.  F. ;  the  elevation  in  the  boiling 
point  then  is  29.8  deg.  F. ;  reference  to  the  table  of  elevation 
of  boiling  points  of  sugar  solutions  gives  the  percentage  of 
sugar  as  86.25%. 

This  relation  is  the  basis  of  an  instrument  known  as  a 
Brasmoscope  or  Brixometer. 

The  Brasmoscope.  The  Brasn^xscope  was  introduced  into 
the  beet  sugar  industry  by  Curin  in  1898  and  its  form  has  beeii 
modified  and  its  use  extended  by  Claassen. 

It  consists  merely  of  an  accurate  thermometer  (the  bulb  of 
which  is  immersed  in  the  boiling  mass  in  the  pan  and  placed 
so  as  not  to  be  affected  by  local  causes  such  as  the  proximity- 
(>f  a  steam  coil  )  and  an  accurate  barometer  pressure  gauge, 
the  ordinary  aneroid  gauges  not  being  of  sufficient  accin"acy. 

The  form  of  barometer  gauge  usually  found  is  a  syphon 
barometer.  Fig.  i  ;  this  consists  of  a  U  tube  closed  at  the  end 
A  and  open  at  the  end  B ;  the  tube  is  filled  with  mercury 
and  when  held  in  a  vertical  position  the  diflFerence  of  level 
between  the  mercury  in  the  two  limbs  will  ffive  the  pressure  of 
the  atmosphere  in  inches  of  mercury;  this  U  tube  is  fixed  on  a 
board  carrying  a  scale  and  is  adjusted  so  that  the  level  of  mer- 
cury in  the  long  limb  is  at  the  zero  mark  when  under  atmos- 
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pheric  pressure:  if  the  open  end  be  now  attached  to  a  vessel 
in  which  there  is  a  reduced  pressure,  the  mercury  in  the  long 
iiirj)  will  fall  until  the  difference  in  level  is  that  due  to  the 


Fig.  1. 

pressure  in  the  vessel  connected  to  the  short  limb ;  the  scale 
is  so  graduated  as  to  give  directly  inches  of  vacuum  in  the 
vessel  to  which  the  short  limb  is  attached.  This  instrument 
is  not  too  convenient  as  the  gauge  has  always  to  be  set  at  the 
zero  mark  and  as  a  fall  of  pressure  of,  say,  i  inch  in  the  vessel 
where  the  pressure  is  being  measured  only  causes  the  level  nf 
the  mercury  in  the  long  limb  to  fall  half  an  inch,  the  level  of 
the  mercury  in  the  short  limb  at  the  same  time  rising  half  an 
inch.  The  writer  has  devised  the  pressure  gauge  described  be- 
low. Fig.  2. 
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Fig.  2. 

A  is  a  shallow  receptacle  of  thick  glass  partly  filled  with 
mercury ;  on  the  upper  side  at  B  is  a  tubulure  to  be  connected 
to  the  vapor  space  of  the  pan  by  stout  rubber  tubing;  at  C  is 
the  neck  of  the  receptacle  into  which  fits  tightly  the  barometer 
tubing  D,  graduated  in  tenths  of  an  inch :  the  receptacle  A  be- 
ing filled  with  mercury  the  graduated  barometer  tubing  is  then 
inserted  in  the  neck  of  the  flask  and  mercury  is  sucked  up 
above  the  level  of  the  stop  cock  at  E  which  is  then  closed :  tho 
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mercury  in  A  is  then  adjusted  until  its  level  is  coincident  with 
the  zero  mark  on  D ;  if  then  connection  be  made  to  the  vapor 
space  of  a  vacuum  apparatus  by  way  of  B,  the  height  of  the 
column  of  mercury  w*ill  directly  measure  the  pressure  in  the 
pan. 

After  the  pressure  in  the  pan  and  the  temperature  of  the 
boiling  mass  have  been  determined  by  reference  to  the  tables, 
the  elevation  of  the  boiling  point  is  found,  and  from  this  the 
apparent  percentage  of  sugar  in  the  boiling  mass  is  deter- 
mined. 

Instead  of  using  tables,  Claassen  has  devised  a  mechanical 
scale  for  determining  the  apparent  percentage  of  sugar.  In 
Fig.  3,  A,  B  and  C  are  three  scales ;  A  and  C  are  fixed  and  B 
is  a  sliding  scale;  A  is  the  vacuum  scale  and  C  is  the  temper- 
ature scale ;  C  is  graduated  in  equal  divisions  corresponding 
to  the  divisions  of  a  thermometer;  on  A,  opposite  to  the  tem- 
perature divisions  on  C,  are  marked  the  corresponding  pres- 
sures or  vacua  at  which  water  boils.  The  sliding  scale  B  is 
graduated  so  as  to  connect  the  elevation  of  the  boiling  point 
with  the  amount  of  sugar  present,  on  the  same  basis  as  the 
divisions  in  the  scale  C.  A  determination  is  actually  made  as 
under  (see  Fig.  3). 

The  vacuum  in  the  pan  is  28.0  inches  and  the  temperature 
is  140  deg.  F.  The  zero  on  the  scale  B  is  placed  opposite  28.0 
on  the  scale  A ;  the  division  on  the  scale  C  corresponding  to  a 
temperature  of  140.0  deg.  F.  is  then  noted,  and  opposite  this 
on  the  scale  B  is  the  division  89.9,  i.  e.,  the  boiling  mass  con- 
tains apparently  89.9%  of  sugar. 

Tt  may  at  once  be  stated  that  it  is  only  bodies  in  solution 
that  affect  the  boiling  point,  and  that  sugar  that  has  crystal- 
lized out  has  no  effect  at  all;  it  is  only  then,  with  masses 
boiled  string-proof  that  the  apparent  sugar  percentage  of  the 
whole  mass  is  given;  in  other  cases  it  is  the  apparent  sugar 
percentage  of  the  mother  liquor.  The  scales  in  the  bra^- 
moscope  are  calculated  on  a  sugar  basis,  and  give  only  the 
apparent  percentage  of  total  solids  expressed  as  sugar,  exactly 
as  the  Brix  spindle  gives  also  apparent  total  solids;  actually 
the  non-sugar  causes  weight  for  weight  a  greater  elevation 
of  the  boiling  point  than  does  the  sugar,  so  that  the  bras- 
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nioscope  indication  will  always  be  higher  than  the  true  total 
solids,  and  this  will  be  more  pronounced  the  impurer  the  mass 
being  tested;  the  error  in  determining  total  solids  with  the 
Brix  spindle  also  lies  in  the  same  direction. 

Aplylication  of  the  Brasnwscofc.  The  simplest  instance  of  the 
use  of  the  brasmoscope  lies  in  its  application  to  low  products 
boiled  string-proof;  heie  no  sugar  separates  in  the  pan  as 
crystals,  and  the  indications  of  the  instrument  will  now  refer 
to  the  Brix  of  the  whole  mass  in  the  pan.  Suppose  it  has  been 
found  by  experience  that  a  mass  of  50  apparent  purity  gives 
che  best  results  w^hen  boiled  to  an  apparent  Brix,  as  indicated 
by  the  brasmoscope,  of  90;  when  this  factor  has  once  been 
determined  it  is  an  easy  matter  to  boil  all  subsequent  strikes 
of  this  purit\'  to  the  same  elevation  of  the  boiling  point,  and 
this  can,  I  believe,  be  done  more  exactly  with  the  aid  of  grad- 
uated instruments  than  by  the  sense  of  touch  of  the  most 
experienced  sugar  maker;  the  illustration  given  above  de- 
mands, of  course,  that  the  nature  of  the  non-sugar  does  not 
vary  and,  for  one  particular  factory,  I  do  not  think  that  this 
assumption  is  too  far  from  the  truth. 

Xow  in  actual  work  the  purity  of  the  masses  boiled  will  vary, 
and  to  extend  the  application  of  the  brasmoscope  it  is  neces- 
sary to  solve  the  following  problem: 

**To  find  the   connection   between   the   Brix   of   a   massecuite 
and"  the  purity  of  the  mother  liquor  or  molasses,  the  solubility 
of  sugar  in  the  mother  liquor  being  known." 
Let  X  =  Brix  of  the  massecuite. 

s  =  solubility  of  sugar  in  the  mother  liquor  or  molasses. 
p  =  purity  of  the  massecuite. 
m  =  purity  of  the  molasses. 
Then  (i — ^,r)=wlater  in  the  massecuite. 

s  (i — x)  =  sugar  in  solution,  i.  e.,  in  the  molasses. 
X  (i — p)  =  total  non-sugar  or  impurities. 
( For  convenience   of  calculation   these   purities   are    referred 
to  unity  instead  of  to  100  as  is  usual) 
Then 

s  (i—x) 

m  = 

s  (i—x)  +  (i—p)  X 
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Now.  accordinpc  to  Mr.  S.  S.  Peck's  analyses  of  Hawaiian 
waste  molasses,  on  an  average  one  part  of  water  dissolves 
1.78  parts  of  sugar  and  the  average  true  purity  of  the  molasses 
is  45.8.  I  have  then  calculated  in  Table  I  values  of  x  for  puri- 
ties of  the  massecuite  (/>)  46 — 95:  when  to  s  and  m  are  given 
the  values  1.8  and  46;  this  table  gives  on  the  data  taken  the 
degree  Brix  to  which  a  massecuite  must  be  concentrated,  so 
that  after  complete  crystallization  the  purity  of  the  mother 
liquor  or  molasses  is  46.  Now  from  the  values  in  the  table 
it  is  seen  that  a  massecuite  of  50  purity  will  give  molasses 
of  46  purity  if  concentrated  to  80.86  Brix :  actually  suppose  it 
is  found  that  best  results  are  obtained  when  the  apparent  Brix 
as  shown  by  the  brasmoscope  is  86.5 :  it  is  now  desired  to  find 
from  the  formula  or  table  what  should  be  the  Brix  as  indicated 
by  the  brasmoscope  when  the  purity  of  the  massecuite  is  t;  > 

From  the  formula  or  table  it  follows  that  a  massecuite  of  50 
puritv  concentrated  to  80.86  Brix  will  i^five  molasses  of  the 
«^ame  purity  as  one  of  55  when  concentrated  to  8244  Brix. 
The  rqtio  between  these  two  Brix  is  82.44~80.86-— T. 0195. 
Hence  the  required  Brix  as  indicated  by  the  brasmoscope  is 
86.  =;X  1.0195=- 88. 19.  i.  e.,  if  a  massecuite  of  50  purnty  gives 
molasses  of  46  purity  when  concentrated  to  86.5  Brix  as  in- 
dicated by  the  brasmoscope,  a  massecuite  of  55  purity  will  eive 
molasses  of  the  same  purity  when  concentrated  to  88.19  ^^ 
indicated  by  the  brasmoscope. 

Now,  according  to  the  equation,  it  is  possible  by  boiline  to  ? 
sufficient  concentration  to  obtain  in  one  process  exhaust*  d 
molasses :  thus  a  syrup  of  go  purity  if  boiled  to  a  conccntratij^in 
of  9548  Brix  would,  on  the  data  on  which  Table  I  was  con- 
structed, give  molasses  of  .j.6  purity;  now  from  actual  ex- 
perience it  i'^  known  that  with  the  process  commonly  followed 
in  these  islands  that  four  operations  are  necessarv  in  general 
to  obtain  this  end ;  there  is  no  real  disagreement  betw-ecn 
theory  and  practice  but  the  causes  of  this  are : 
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1.  It  is  impossible  to  practically  boil  any  niassecuite  to  so 
high  a  concentration  as  95.48;  a  massecuite  so  highly  concen- 
trated would  have  no  circulation,  it  would  bank  up  and  burn 
on  the  coils  and  it  would  be  a  matter  of  difficulty  to  remove 
it  from  the  pans  and  to  manipulate  it  afterwards. 

2.  A  very  supersaturated  solution  of  sugar  would  be  formed 
in  the  final  stages,  from  which,  under  the  ordinary  process  oi 
cooling  at  rest,  sugar  would  separate  with  extreme  slowness 
and  in  a  form  not  suited  to  be  recovered  in  the  centrifugals. 

Actually  in  practice  it  is  known  that  the  higher  the  purity  )f 
the  massecuite  the  higher  is  the  purity  of  the  mother  liquor  or 
molasses;  this  is  a  natural  sequence  of  the  equation  and  m 
Table  II,  I  have  calculated  out  values  of  the  purity  of  the 
mother  liquor  or  molasses  when  the  purity  of  the  massecuite 
varies  from  75  to  95  and  the  Rrix  of  the  massecuite  is  constant 
at  90.  This  table  then  connects  the  purity  of  the  molasses 
with  the  purity  of  the  massecuite  from  which  they  are  derived, 
provided  all  the  massecuites  are  boiled  to  the  same  degree 
Brix;  actually,  however,  the  higher  the  purity  the  higher  is  the 
concentration  to  which  the  massecuite  is  boiled. 

The  amount  of  sugar  then  that  can  be  extracted  as  crystals 
from  a  massecuite  depends  on  the  degree  Brix  to  which  the 
massecuite  can  be  boiled,  or,  conversely,  to  the  least  possible 
amount  of  water  which  can  be  left  in  the  massecuite  capable 
of  retaining  in  solution  the  non-sugar,  and  it  is  immaterial,  so 
far  as  regards  the  amount  of  sugar  that  crystallizes,  whether 
the  concentration  is  done  in  one  or  in  more  operations.  This 
is  best  shown  by  a  worked  out  example. 

Let  there  be  a  syrup  of  80  purity,  let  it  be  concentrated  to 
a  Brix  of  90  and  let  the  soli^ility  of  sugar  in  the  mother 
liquor  be  2,  i.  e.,  for  every  one  part  of  water  in  the  moth  ?r 
liquor  let  two  parts  of  sugar  be  dissolved. 

Then  the  massecuite  is  of  composition 

Water 10 

Sugar  in  solution 20 

Sugar  as  crystals 52 

Non-  sugar 18 


100 
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Now  let  the  52  parts  sugar  as  crystals  be  removed  leaving 
48  parts  of  first  molasses  of  percentage  composition 

Water 20.83 

Sugar 41.66 

Non-sugar 37  •  50     100 

Brix 79- 17 

Put-ity 52.63 

and  the  sugar  removed  percent  on  that  originally  present  is 

TOO  X  52 

=    72.22% 

leaving  2778%  in  the  molasses. 

Now  let  these  molasses  be  concentrated  to  a  second  masse- 
cuite  at  90  Brix  and  let  one  part  of  water  hold  in  solution 
two  parts  of  sugar. 

Then  the  percentage  composition  of  the  second  massecuite  is 

Water 10 

Sugar  in  solution 20 

Sugar  in  crystals 27.367 

Non-sugar 42.633 


100.00 


Now  let  2y,2i^y  sugar  in  crystals  be  removed.  Then  per  100 
sugar  originally  present  there  are  removed 

27.367 

X  27.78=  16.07% 

47.367 
and  the  total  amount  of  sugar  removed  in  the  two  operations 
per   100  sugar  originally  present  is  72.22-1-16.07  =  88.29. 

Now  to  find  to  what  Brix  the  massecuite  must  be  boiled  in 
one  operation  so  as  to  leave  the  same  absolute  amount  of 
water  in  the  massecuite,  we  can  proceed  as  follows:  In  the 
second  massecuite  above  the  non-sugar  is  4.2633  times  the 
water  and  the  purity  of  the  original  syrup  being  80,  the  sugar 
in  the  original  massecuite  is  four  times  as  much  as  the  non- 
sugar.       Let    .r    he    the    water    percentage    in    the    massecuite 
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boiled  in  one  operation  so  that  the  absolute  amount  of  water 
left  is  the  same  as  that  in  the  two  operations  above. 

Then 

.1+4.263x4-  i7.o532x=ioo 
X  =  4.482 

The  composition  of  the  massecuite  boiled  to  this  water  con- 
tent in  one  operation  will  be 

Water 4.482 

Sugar  in  solution 8.964 

Sugar  in  crystals .67.450 

Non-sugar 19. 104 

and  if  the  67.450  sugar  in  crystals  be  removed,  the  amount  of 
sugar  extracted  per  100  sugar  in  the  massecuite  is 

67450 

X   100  =  88.29%, 

76.414 

the  same  percentage  as  was  obtained  before  in  two  operations- 
From  what  has  been  alreadv  said  it  follows,  that  if  a  masse- 
cuite be  boiled  to  a  certain  preascertained  concentration  de- 
pending on  the  purity  and  be  allowed  to  cool,  that  eventually 
all  the  sugar  capable  of  recovery  will  crystallize  out;  it  docs 
fwt  follow,  however,  that  all  this  sugar  will  cr\'stallize  out  in 
a  form  capable  of  collection  in  the  centrifugals  or  within  a 
reasonable  time:  in  the  first  place,  owing  to  lack  of  contact  of 
crystals  already  formed  with  any  but  a  small  portion  of  the 
mother  liquor,  sugar  that  crystallizes  on  cooling  will  form  new 
fine  crystals  incapable  of  recovery  in  the  centrifugals ;  in  the 
second  place,  it  is  known  how  long  it  takes  low  masses  to  cry.>- 
tallize ;  the  mother  liquor  of  a  first  massecuite  boiled  to  such  a 
pitch  that  all  the  sugar  capable  of  recovery  will  crystallize  is 
in  exactly  the  same  condition  as  a  low  grade  massecuite,  and 
although  in  the  case  of  a  first  massecuite  crystallization  will 
be  more  rapid  owing  to  the  presence  of  crystals  already 
formed,  yet  a  very  considerable  time  will  be  taken  for  a  com- 
plete separation  of  the  sugar  from  the  supersaturated  mother 
liquor:  if,  however,  the  massecuite  be  kept  in  motion  so  that 
the  layer  or  mother  liquor  in  contact  with  crystals  is  being 
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constantly  renewed  deposition  will  take  place  much  mor-.* 
readily  and  the  sugar  separating  will  deposit  on  the  crystals 
already  formed;  this  was  the  original  object  of  the  process 
known  as  crystallization  in  motion. 

Crystallization  in  motion  originally  was  applied  to  first 
products  only;  a  massecuite  was  boiled  in  the  usual  way  to 
the  usual  pitch  and  allowed  to  cool  in  motion ;  this  process  by 
allowing  sugar  held  in  solution  due  to  high  temperature  and  in 
supersaturated  solution  to  deposit  on  crystals  already  formed 
gave  an  increased  rendement  in  first  product  but  in  no  wise 
could  it  obtain  a  complete  desugarization  of  a  pure  massecuite 
unless  the  concentration  was  carried  to  the  degree  indicated 
by  the  formula 

s — ms 


s-\-m — ms — mp 

and  it  has  already  been  noted  that  so  high  a  concentration  ?s 
for  mechanical  reasons  impossible.  Following  on  this  came 
the  idea  of  working  with  masses  of  purity  so  reduced  by  the 
addition  of  molasses  that  on  concentration  to  that  water  con- 
tent where  all  the  sugar  capable  of  recovery  crystallized,  the 
massecuites  were  capable  of  ready  manipulation  and  after 
cooling  in  motion  on  curing  gave  "first  sugar  and  molasses," 
i.  e.,  a  complete  commercial  rendement  without  the  interposi- 
tion of  low  grade  sugars. 

A  complete  crystallization  in  motion  or  first-sugar  and 
molasses  process  may  then  be  defined  as  "A  scheme  in  which 
the  purity  of  massecuites  are  reduced  to  such  a  point  th?.t 
they  are  capable  of  practical  manipulation  when  concentrated 
to  that  point  when  the  water  left  is  only  just  sufficient  to  hold 
in  solution  the  non-sugar,  combined  with  the  cooling  of  the 
massecuites  in  motion  whereby  the  deposit  of  sugar  from 
supersaturated  solution  is  accelerated  and  takes  place  on  crys- 
tals already  formed." 

The  technique  of  the  various  processes  devised  and  used  to 
this  end  may  be  summarized : 

I.  A  massecuite  is  boiled  from  syrup  alone  and  concen- 
trated as  far  as  possible ;  unexhausted  molasses  from  a  pre- 
vious operation  which  liave  been  diluted  and  heated  so  as  lo 
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dissolve  any  fine  grain  are  then  taken  into  the  pan,  the  whole 
mixed  massecnite  concentrated  to  the  proper  point  struck  out 
and  cooled  in  motion. 

2.  The  process  is  conducted  as  above  save  that  exhausted 
molasses  are  introduced ;  in  this  scheme  the  exhausted  molas- 
ses should  leave  the  centrifugals  on  curing  at  the  same  purity 
as  that  at  v^hich  they  entered  the  pan :  they  do  not  aid  in  the 
exhaustion  of  the  syrup  massecuite  but  only  act  mechanically 
as  a  medium  in  which  the  crystals  swim. 

3.  The  mixture  of  syrup  and  molasses  is  made  without  the 
pan,  the  formation  of  grain  being  obtained  from  syrup  alone. 
As  the  sugar  deposits  the  purity  of  the  mother  liquor  decreases 
and  it  is  the  object  of  the  scheme  to  avoid  increasing  from 
time  to  time  the  purity  of  the  mother  liquor  by  charging  in 
pnre  syrup  and  to  regulate  the  proportions  of  syrup  and  mo- 
lasses charged  in  as  the  purity  of  the  mother  liquor  falls- 

4.  The  Java  process  which  is  now  used  in  several  factories 
in  these  islands  and  consists  essentially  of  two  strikes ;  the 
first  of  fairly  high  purity,  which  is  cooled  in  motion  for  about 
12  hours,  and  the  second  at  a  purity  of  about  60  which  is  cooled 
in  motion  for  from  48  to  J2  hours  and  from  which  exhausted 
molesses  are  obtained. 

5.  The  Bock  process  in  which  a  strike  was  boiled  fro.n 
syrup  alone  and  run  into  crystallizers ;  about  one-thir<l  of  this 
strike  was  left  in  the  crystallizer  and  on  to  this  was  struck  a 
strike  boiled  from  molasses  obtained  from  a  previous  operation 
and  the  whole  then  cooled  in  motion. 

6.  A  strike  of  molasses  is  boiled  strin^^:  proof  and  to  the 
concentration  required  to  yield  exh-rusted  molasses;  into  the 
pan  immediately  before  the  completion  of  the  boiling  is  taken 
a  quantity  of  sugar  which  is  thoroughly  mixed  with  the  con- 
tents of  the  pan,  after  which  the  whole  is  struck  out  and  cooled 
in  motion;  the  amount  of  sugar  crystals  taken  into  the  pan  as 
"priming"  is  from  25%  to  2p^c  of  the  massecuite. 

Whichever  one  of  these  schemes  be  used  it  is  apparent  that 
they  all  depend  for  their  success  upon  the  control  of  th? 
water  content  of  the  massecuite. 

Application  or  the  Brastnoscopc  to  Massccuitcs  Boiled  to  Grain. 
The  application  of  the  brasmoscope  readings  to  control  the 
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water  content  of  massecuites  boiled  to  grain  is  complicated 
in  that  the  instrument  does  not  give  the  Brix  of  the  masse- 
cuite  as  a  whole  but  of  that  of  the  mother  liquor;  what  is  re- 
quired to  be  known  may  be  expressed  "What  shall  be  the  Brix 
of  the  mother  liquor  in  the  pan  at  the  moment  of  observation 
so  that  on  cooling  exhausted  molasses  result/'  and  alg'?- 
braically  the  problem  can  be  solved  thus : 

Let  the  solubility  of  sugar  in  molasses  at  a  low  temperature 
be  s  and  let  it  be  s'  at  a  more  elevated  temperature:  it  is 
required  to  find  what  must  be  the  Brix  when  the  solubility  is 
s^  so  that  the  purity  is  m  when  the  solubility  is  s.  Let  x  be  the 
Brix  of  the  molasses  when  the  solubility  of  sugars  is  s. 

Then 

/ — X  =  water 
s  (i — x)  =  sugar 


and 


s  (i—x) 
m  = 


whence 


(I) 


s-\-m 

Now  let  the  solubility  of  sugar  change  to  j'  all  other  factors 
remaining  the  same. 

The  absolute  amount  of  sugar  in  solution  now  is  s'  (i — x\ 
the  water  and  non-sugar  remaining  the  same. 

If  the  Brix  be  now  denoted  by  .r', 

s'  (i—x)   +    I   x—s  (i—x)    ] 
x'=    

S'    (I—X)    +     {     x—s    (I—X)     }     +I—X 

For  s  put  s-\-d,  d  being  the  diflPerence  in  the  solubility  of  sugar 
at  the  two  temperatures. 
Then 

d^x—dx 


i-\-d—dx 
But  X  has  already  been  shown  to  be  equal  to 
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Making  the  substitution 
s 


ds 


m-\-s  m-\-s  s — dm 

(2) 


ds  s-\-m — dm 

i+d 

m-\-s 

As  a  numerical  example  let  the  solubility  of  sugar  be  1.8 
and  let  molasses  of  46  purity  be  required ;  the  Brix  of  these 
molasses  will  be  from  equation  (i)     iooxi.8 

=  7964 

1. 8+46 

Now;  let  the  solubiHty  of  sugar  become  2.5  so  that  d  is  .7. 
The  Brix  of  the  molasses  now  is  from  equation  (2) 

2.5— .7x46 

TOO  X  =^82.57 

2.5+46— .7x46 

Unfortunately  the  solubility  of  sugar  in  the  hot  mother  liquor 
(j'  in  the  equation  established  above)  in  the  pan  can  not  be 
exactly  known ;  it  is  affected  by  the  temperature  prevailing, 
by  the  presence  of  non-sugar  and  by  the  degree  of  supersatu- 
ration;  now  at  the  temperature  40*^^  C  at  which  it  is  customary 
to  cure  massecuites  boiled  to  grain  and  cooled  in  motion  the 
solubility  of  sugar  in  water  is  2.38  and  at  the  temperature 
70"^  C  which  is  approximately  that  of  the  massecuite  in  the  pan 
the  solubility  is  3.20;  the  ratio  of  these  is  1.34;  previously  1 
took  the  solubility  of  sugar  in  Hawaiian  exhausted  molasses 
as  1.8,  that  is  to  say,  at  the  normal  temperature  here  say  27°  C  ; 
between  27'^  C  and  40°  C  the  solubility  of  sugar  in  water  in- 
creases in  the  ratio  i.ii  and  hence  at  .i^o^  C,  I  take  the  solubil- 
ity of  sugar  in  Hawaiian  molasses  as  1.11X18=1.998  and  at 
70'  C  1.998X1.34  =  2.68;  cutting  off  the  decimals  then  the 
values  of  s  and  s^  in  the  equation  established  above  will  be 
taken  as  2.0  and  2.7. 

Now  owing  to  supersaturation  the  lowest  solubility  possible 
in  the  pan  at  the  temperature  of  70°  C  will  be  2.7  and  it  may 
be  considerably  higher;  I  have  then  calculated  out  values  of 
the  equation 
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S — Hid 


Brix  -=- 


s-\-m — md 


for  values  of  ^  ^  2.0,  (/  =  o  to  i  .3  {s'  =  2.7  to  4.0)  and  m  =  38  to 
50.  These  are  given  in  Table  III  below;  in  the  vertical 
column  on  the  left  hand  side  are  entered  the  solubilities  of 
sugar  in  the  molasses  in  the  pan ;  in  the  horizontal  caption 
are  entered  the  values  of  m  from  38 — 50;  the  figure  at  the 
intersection  of  a  vertical  and  horizontal  line  gives  the  degree 
Brix  of  the  molasses  in  the  pan  so  that  when  the  solubility  (  f 
sugar  becomes  20  molasses  of  the  purity  in  the  column 
selected  will  result. 

Example.  The  solubility  of  sugar  at  the  moment  of  observa- 
tion is  3.0  and  it  is  desired  to  obtain  molasses  of  40  purity 
when  the  solubility  is  2.0;  at  the  intersection  of  the  line  30 
and  40  is  the  figure  ^  ^.82,  i.  e.,  the  Brix  of  the  molasses  in  the 
pan  must  be  84.82 

As  T  pointed  ou  m  dealing  with  the  application  of  the  bras- 
moscope  to  mass  cuites  boiled  string  proof  it  is  impossible 
to  state  beforehand  what  the  indication  of  the  brasmoscope 
should  be,  and  the  brasmoscope  indications  must  be  systemat- 
ically compared  with  the  actually  recorded  results  in  the  fac- 
tory ;  when  once  the  brasmoscope  indications  corresponding  to 
molasses  of  a  satisfactory  low  purity  are  obtained  then  it 
should  be  possible  to  reproduce  those  conditions  more  exactly 
than  can  be  done  by  the  senses  of  sight  and  touch. 

The  process  of  exhausting  rapidly  low  grade  massecuites 
mentioned  above  as  No.  6  would  appear  to  be  a  scheme  to  lend 
itself  readily  to  a  very  complete  control  as  it  would  only  be 
necessary  to  determine  the  proper  concentration  of  the  low 
grade  massecuite  before  taking  in  the  sugar  used  as  "priming," 
as  had  already  been  indicated  when  dealing  with  the  applica- 
tion of  the  brasmoscope  to  massecuites  boiled  string  proof; 
actually  I  have  never  seen  this  scheme  worked  but  I  believe  it 
is  in  considerable  vogue  in  beet  sugar  factories. 

Below  I  call  attention  to  one  or  two  points  of  interest  not 
previously  mentioned: 
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1.  Sice  of  crystals.  The  rate  at  which  sugar  deposits  from 
supersaturated  solution  is  intimately  connected  with  the  area 
of  the  sides  of  the  crystals  which  in  a  given  time  come  in  con- 
tact with  the  mother  liquor;  the  smaller  the  grain  the  larger 
is  the  area  of  the  sides  of  the  crystals  and  hence  desugarization 
of  a  supersaturated  mother  liquor  will  take  pla  *e  more  rapidly 
with  a  small  grain  sugar  than  with  a  large  one. 

2.  Rate  of  cooling.  As  a  general  rule  when  a  grained  masse- 
cuite  is  discharged  the  supersaturation  is  relatively  high ;  if 
such  a  massecuite  be  quickly  cooled  the  deposit  of  sugar  takes 
place  with  such  suddenness  that  the  sugar  now  separating  from 
solution  does  not  deposit  on  the  crystals  already  present  but 
goes  to  form  new  crystals;  in  these  islands,  I  believe,  the  crys- 
tallizing tanks  are  plain  and  are  not  provided  with  jackets  so 
that  means  do  not  exist  for  controlling  the  rate  at  which  the 
massecuite  cools ;  in  beet  sugar  factories,  I  believe,  great  at- 
tention is  paid  to  this  point  and  it  is  general  to  construct 
crystallizing  tanks  with  jackets  into  which  steam  or  water 
may  be  admitted ;  the  temperature  of  the  massecuite  is  allowed 
to  fall  very  slowly  at  first  until  (largely  aided  by  the  move- 
ment of  the  massecuite)  the  supersaturation  is  decreased; 
after  which  the  rate  of  cooling  is  allowed  to  become  more 
rapid.  The  rate  at  which  a  body  cools  is,  with  certain  limita- 
tions, proportional  to  the  excess  temperature  and  with  un- 
jacketed  tanks  the  rate  of  cooling  will  be  greatest  in  the  earlier 
stages — precisely  the  reverse  of  what  is  demanded  by  the 
above  argument. 

3.  Remelting  low  sugars.  When  low  sugars  are  remelted 
the  purity  of  the  massecuite  is  increased  and  it  has  already 
been  shown  that  an  increased  purity  in  the  massecuite  implies 
an  increased  purity  in  the  molasses;  on  these  grounds  then 
remelting  low  sugars  is  not  a  process  to  be  recommended  and 
it  should  rather  be  the  object  of  the  sugar  maker  to  strive  to 
suppress  low  products  altogether  rather  than  to  eliminate 
them  by  the  process  of  remelting. 
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SUMMARY. 

1.  The  amount  of  siijj^ar  crystallized  depends  on  the  abso- 
lute amount  of  water  left  in  the  massccuite. 

2.  It  is  immaterial  in  so  far  as  regards  the  amount  of  sugar 
that  crystallizes  if  the  total  amount  of  water  evaporated  from 
a  syrup  be  removed  in  one  or  in  more  operations. 

3.  A  certain  amount  of  water  has  to  be  left  in  a  massecuite 
to  enable  it  to  be  manipulated ;  with  massecuites  of  high 
purity  to  obtain  in  one  boiling  all  the  sugar,  that  can  crystal- 
lize, the  concentration  has  to  be  so  high  that  manipulation 
becomes  impossible. 

4.  By  lowering  the  purity  of  massecuites  the  concentration 
corresponding  to  the  point  at  which  exhausted  molasses  resuH 
may  be  obtained  the  massecuites  at  the  same  time  being  suffici- 
ently fluid  to  handle. 

5.  By  allowing  these  massecuites  of  reduced  purity  to  cool 
in  motion  the  time  taken  for  sugar  to  separate  from  super- 
saturated solution  is  diminished  and  under  careful  control  of 
the  rate  of  cooling  the  sugar  deposits  on  the  crystals  already 
formed. 

6.  Systematic  observations  of  the  elevation  of  the  boiling 
point  of  the  mass  in  the  pan  form  a  valuable  guide  to  the 
operator. 

Finally  I  wish  to  emphasize  that  the  brasmoscope  is  not  in 
any  way  intended  to  supersede  the  craft  skill  of  the  experienced 
sugar  maker ;  it  is  intended  to  be  used  rather  as  an  adjunct 
and  a  guide  and  to  substitute  a  definite  scientific  relation  for 
the  varying  senses  of  sight  and  touch. 
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TABLE  I. 

J 
Values  of  the  expression   loo  X 

s-\-m- 

• — ms 

— ms — tnp 

for  values  of 

s  1.8, 

and  m  .46, 

and  of  p  . 

46  to  .95. 

P 

P 

_       P 

.80 

.46 

7965 

•63 

85.09 

91-35 

•47 

7995 

•64 

85.44 

.81 

9175 

.48 

80.25 

.65 

85^79 

.82 

92.15 

•49 

80.56 

.66 

86.14 

•83 

92.55 

•50 

80.86 

.67 

86.49 

.84 

92.96 

•51 

81.17 

.68 

86.85 

•85 

9337 

•52 

81.49 

.69 

87.21 

.86 

93-79 

•53 

81.80 

'       .70 

87^57 

•87 

94.20 

•54 

82.12 

•71 

87-93 

.88 

94.62 

•55 

82.44 

.72 

88.30 

.89 

9505 

•56 

82.76 

•73 

88.67 

1       ^90 

95-48 

•57 

83.07 

•74 

89.04 

.91 

95-92 

•58 

83.42 

•75 

89.42 

.92 

96.35 

•58      . 

8375 

•76 

89.80 

•93 

96-79 

.60 
.61 
.62 

84.08 
84.42 
84.76 

•77 
.78 

•79 

90.18 

90.57 
90.96 

•94 
•95 

97-24 
97-69 
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TABLE  II. 


Connecting  purity  of  massecuite  and  purity  of  resulting  mo- 
lasses when  the  Brix  of  the  massecuite  is  constant  at  90  and  solu- 
bility of  sugar  in  molasses  is  2.0. 


Purity 
Massecuite 

Purity 
Molasses 

Purity 
Massecuite 

Purity 
Molasses 

75 

44-44 

86 

58.82 

76 

45-45 

87 

60.60 

77 

46.51 

88 

62.50 

78 

47-62 

89 

64.51 

79 

48.78 

90 

66.67 

80 

50.00 

91 

68.96 

8i 

51.28 

92 

71-43 

82 

52-63 

93 

74.07 

83 

54.06 

94 

76.92 

84 

55-55 

95 

80.00 

85 

57-14 
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TABLE  OF  THE  BOILING  POINTS  OF  WATER  UNDER 

PRESSURE. 

REDUCED 

Pressure 

in  inches 

of  Mercury 

Vacuum 

in. inches 

of  Mercury 

1 

Boiling 
Point 
F.  deg. 

Pressure 

in  inches 

of  Mercury 

Vacuum 

in  inches 

of  Mercury 

Boiling 
Point 
F.  deg. 

I. 

28.9        j 

79.6 

3-5 

1 
26.4        1 

1 

120.8 

i.l 

28.8 

82.5 

3-6 

26.3        1 

I2I.8 

1.2 

28.7  ; 

85.2 

3-7 

26.2        ] 

122.8 

1.3 

28.6 

87.7 

3-8 

26.1     ; 

123.8 

14 

28.5 

90.0 

3-9 

26.0 

124.7 

1.5 

28.4 

92.2 

4.0 

259 

125.6 

1.6 

28.3"  j 

94.2 

4.1 

25.8 

126.6 

1-7 

28.2       ! 

96.2 

4.2 

257 

127-5 

1.8 

28.1 

98.1 

4-3 

25.6 

128.3 

1.9 

28.0       1 

99.8 

44 

25-5 

129.2 

2.0 

27.9 

IOI.5 

4-5 

254     ' 

130.0 

2.1 

27.8    ! 

IO3.I 

4.6 

253     ; 

130.8 

2.2 

27.7 

104.7 

4-7 

25.2 

131.6 

2.3 

27.6 

106.2 

4.8 

251 

1324 

2.4 

27-5 

107.6 

4-9 

25.0 

1332 

2-5 

27.4 

109.0 

5-0 

24.9 

1339 

2.6 

273 

I  10.4 

51 

24.8 

1347 

2.7 

27.2 

III.7 

5-2 

247 

1354 

2.8 

27.1 

II  2.9 

5-3 

24.6 

136.2 

2.9 

27.0 

I  14.7 

54 

24-5 

136.9 

30 

26.9 

II5.3 

5-5 

244 

1376 

31 

26.8 

I  16.4 

5.6 

243 

138.3 

3-2 

26.7 

I  17.6 

5-7 

24.2 

138.9 

3-3 

26.6 

I  18.7 

5-8 

24.1 

139.6 

34 

26.5 

119.8 

5-9 

24.0 

140.3 
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TABLE  OF  THE  ELEVATION  OF  THE  BOILING  POINT  OF  SUGAR 

SOLUTIONS. 

(Claassen-Frentzel  Deutsche  Vereinzeitschrift,  1893,  p.  267.) 


Elevation 

Elevation 

Percent 

of  the 

Percent 

of  the 

Sugar 

boiling  point 

Sugar 

boiling  point 

75- 

13.2 

86.75 

311 

75-5 

137 

87. 

31.8 

76. 

14.2 

8725 

32.5 

76.5 

14.8 

87-5 

33-2 

77- 

153 

8775 

33-9 

77-S 

15.8 

88. 

34-6 

78. 

16.4 

88.25 

35-3 

78.5 

16.9 

88.5 

36.0 

79- 

17.5 

88.75 

3^7 

79-5 

18.0 

89. 

37-5 

80. 

18.6 

89.25 

38.3 

80.5 

19.3 

89-5 

391 

8r. 

19.9 

8975 

39-9 

81.5 

20.5 

90. 

40.7 

82. 

21.2 

90.25 

41-5 

82.5 

22.0 

90.5 

42.4 

83- 

22.7 

9075 

43-2 

835 

23.6 

91- 

44.1 

84. 

24.7 

9125 

45-1 

845 

25.7 

915 

46.3 

85- 

26.8 

9175 

477 

85-5 

27.9 

92. 

50.2 

86. 

29.2 

86.25 

29.8 

86.5 

30.4 

-        - 
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LETTER  OF  TRANSMITTAL- 


To  the  Experiment  Station  Committee  of  the  Hawaiian  Sugar 
Planters'  Association,  Honolulu,  T.  H. 

Dear  Sirs: — I,  herewith,  submit  for  publication  as  Bulletin 
No.  21.  of  the  Division  of  Agriculture  and  Chemistry,  an  article 
entitled  **Evaporator  Scale."  This  article  has  been  prepared  by 
Mr.  S.  S.  Peck,  First  Assistant  Chemist  of  this  Division. 

Yours  very  respectfully, 

C.  F.  ECKART, 
Director,  Division  of  Agriculture  and  Chemistry. 

Honolulu,  Hawaii,  January  i6th,  1908. 
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EVAPORATOR  SCALR 


By  s.  s.  peck. 

During  recent  years,  much  work  has  been  accomplished  by 
chemists  engaged  in  research  work  in  establishing  the  solubility 
of  salts  in  water,  in  solutions  of  other  salts,  and  in  water  with 
insoluble  bodies  held  in  suspension.  The  general  result  of  these 
investigations  has  been,  with  few  exceptions,  to  establish  the  fact 
that  the  solubility  of  an  electrolyte  in  an  aqueous  solution  of  an- 
other electroh'le  containing  a  common  ion  is  depressed,  the  dif- 
ference in  each  case  depending  on  the  temperature  and  concen- 
tration of  the  solvent,  the  mass  relation  between  the  solute  and 
solvent,  and  also  the  time  necessary  to  produce  a  condition  of 
saturation.  Amongst  other  lines  of  chemical  research,  agricul- 
tural chemistry  has  received  considerable  assistance  in  the  solu- 
tion of  some  of  its  problems  from  the  investigations  of  Warring- 
ton, Cameron,  Seidell,  Bell,  and  many  others,  on  the  solubilitv 
of  the  various  phosphates  of  lime,  alumina  and  iron,  as  well  as 
that  of  the  sulphate  of  calcium,  in  water  under  diflFerent  condi- 
tions of  temperature,  time  and  concentration,  and  in  solutions  of 
salts  both  with  and  without  a  common  ion.  The  predominating 
constituents  in  evaporator  scale  are,  in  addition  to  organic  mat- 
ter and  silica,  the  sulphate  and  phosphate  of  calcium.  With  a 
view  of  ascertaining  whether  the  results  of  the  investigations 
mentioned  would  be  of  value  in  lessening  the  amount  of  scale 
formed  in  or  on  the  tubes  of  the  effects  in  the  mills  of  Hawaii, 
the  work  of  this  Bulletin  was  undertaken.  While  the  results 
offer  no  precise  solution  to  this  problem,  they  explain  some  of  the 
phenomena  of  scale  formation  and  may  contain  considerable  of 
interest  to  other  investigators,  practical  and  theoretical,  of  this 
question ;  perhaps  giving  them  a  clue  which  will  lead  to  the  dis- 
covery of  a  successful  method  of  treating  the  juice  of  the  cane 
which  will  inhibit  to  some  extent  the  formation  of  scale  during 
evaporation. 
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SCALE  IN  OTHER  COUNTRIES. 

As  should  be  expected,  there  is  a  great  difference  in  the  com- 
position of  the  incrustations  found  in  the  different  bodies  of  an 
effect.  Analyses  of  scales  by  H.  Pellet,  andf  ^ven  in  Deerr's 
*'Sugar  and  the  Sugar  Cane,"  are  as  follows: 

TABLE   I. 


First 
Body 

Water  and  Organic  Matter 29.80 

Silica    .40 

Iron  and  Alumina  3.80 

Lime 46.30 

Magnesia    1.36 

Phosphoric  Acid   17.10 

Sulphuric  Acid .00 

Copper    trace 

Undetermined 1.24 


Second    1 

Third 

Body      ; 

Body 

26.70      1 

18.60 

23.40      1 

69.80 

9.98    ; 

2.80 

25.80    1 

6.80 

.81    1 

1.08 

11.70 

trace 

.00  1 

trace 

trace       1 

trace 

1.61       1 

.92 

-J 


For  the  purpose  of  comparison,  the  percentage  composition  of 
the  mineral  portion  of  the  scales  has  been  calculated. 

TABLE   II. 

First  Second  Third 

Body      I  Body  I  Body 

Silica    57      >  3192  '  85.75 

I  ! 

Iron  and  Alumina 5.41      1  13.61  I  3^^ 

1  1 

Lime 65.95  35.20  1  8.35 

Magnesia 1.94  l.ii  |  1.33 

I 

Phosphoric  Acid   24.36      '  15.96  j  trace 

Sulphuric  .Acid .00      |  .co  ,  trace 

Undetermined  1.77      1  2.20  1  1.13 
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A  marked  difference  exists  between  these  scales  and  those  from 
Hawaii,  especially  noticeable  being  the  entire  absence  of  sulphuric 
acid  in  the  first  two  bodies  and  a  mere  trace  in  the  last,  a  condi- 
tion which  obtains  in  none  of  the  samples  which  were  analyzed  in 
this  Station,  with  perhaps  the  exception  of  scale  number  i  (see 
page  12,  table  VII),  which  is  from  a  third  effect,  and  resembles 
very  closely  in  both  its  organic  and  mineral  composition  the  third 
body  scale  reported  above.  Unfortunately  we  were  not  furnished 
with  samples  of  scale  from  the  first  bodies  of  the  effect  in  this 
instance,  and  therefore  do  not  know  whether  the  same  uniformity 
of  composition  exists  with  respect  to  these  deposits  or  not.  There 
is  a  great  increase  in  the  amount  of  silica  from  the  first  to  the 
last  body,  a  phenomenon  which  is  exhibited  also  in  local  scales, 
which  can  be  seen  by  reference  to  table  VII. 

In  Java,  the  composition  of  scale  has  received  considerable 
attention  from  Mr.  Prinsen  Geerligs.  In  his  work  on  "Cane 
Sugar  and  the  Process  of  its  Manufacture  in  Java,"  he  gives  the 
following  analyses  of  scales  from  a  quadruple  effect: 

TABLE   III. 


First 
Vessel 

Phosphate  of  Lime 57.85 


Sulphate  of  Lime. .. 
Carbonate  of  Lime. 

Silicate  of  Lime 

O.xalate  of  Lime. . . 

Iron  Oxide 

Combustible  Matter 
Silica    


2.02 

3.25 
7.86 

2.03 

20.37 

7.79 


Second 
Vessel 

56.98 
1.92 
4.68 

13-31 

T-53 

1341 

7.43 


Third 
Vessel 

15.02 
.54 

19.55 
■71 

11.32 

2.31 
11.04 
3926 


Fourth 
Vessel 

7.49 
1.65 
9.93 
7.02 

11.27 
2.58 
5.08 

54.34 


These  scales  show  the  same  increase  of  silica,  and  correspond- 
ing decrease  of  phosphoric  acid  from  the  first  to  the  last  body  as 
do  most  of  the  local  scales. 

In  the  International  Sugar  Journal,  1906,  there  appeared  an 
article  by  the  same  writer  and  H.  Tervooren  on  scale  in  evapora- 
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tors,  in  which  analyses  are  given  of  scales  originating  with  juices 
which  had  been  clarified  by  defecation  with  minimum  lime,  with 
much  lime  and*  subsequent  saturation  with  sulphurous  acid,  by 
double  and  single  carbonation,  and  finally  by  combined  defecation, 
carbonation,  and  sulphitation.  The  figures  of  the  ordinary  de- 
fecation and  single  carbonation  are  presented  in  tables  IV  and  V 
as  being  those  which  have  some  relation  to  the  investigations  un- 
dertaken in  this  laboratory,  and  as  bearing  on  some  of  the  con- 
clusions, regarding  the  presence  of  phosphoric  acid  in  the  scale, 
reached  by  the  Java  chemists. 

TABLE   IV. 


SCALE  FROM  DEFECATION  WITH  MINIMUM  LIME. 


First 
Body 


Second   ' 
Body 


Third    I 
Body    i 


Fourth 
Body 


Loss  on  Incineration 22.28 

Silica    564 

Phosphoric  Acid 29.25 


Sulphuric  Acid 

Iron  Oxide 

Alumina   

Lime 

Nitrogen    


1.90 
147 

.30 
39.13 

.13 


25.97     I 

14.26     I 

22.12 

2.31      ' 

i 

2.20     I 

.39     i 

I 

31.96 
.31 


31.62    I 

41.75    I 

9.83 

•45    , 

.76 

.13  I 
13.97 

.13 


Percentage  Composition  of  Mineral  Matter. 


Silica  

Iron  and  Alumina. 
Lime  


2.28 
. .       50.37 

Phosphoric  Acid 37-64 

Sulphuric  Acid   2.45 


19.47 

3.53 

43.64 

30.20 

3.16 


62.42 

1.33 

20.88 

14.69 

.68 


39.91 

18.45 

2.70 

.26 

1.69 

.81 

2342 

.27 


38.98 
5.28 

49.48 

5.71 

.55 
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TABLE   V. 


SCALE  FROM  SINGLE  CARBONATION. 


Loss  on  Incineration. 

Silica    

Phosphoric  Acid   . . . . 

Sulphuric  Acid 

Iron  Oxide 

Alumina   

Lime  

Nitrogen    


First 

Second 

Third 

Body 

Body 

Body 

34.58 

40.63 

42.25 

24.91 

38.99 

14.22 

.4^ 

.00 

.00 

.38 

.00 

.00 

16.32 

11.71 

4.72 

.86 

.4JL 

.00 

12.81 

4-31 

21.47 

•41 

.17 

.13 

Percentage  Composition  of  Mineral  Matter. 


Sihca  

Iron  and  Alumina 

Lime    

Phosphoric  Acid   . 
Sulphuric  Acid 


44.72 

70.32 

35.19 

30.84 

21.91 

;    11.68 

23.0D 

7-77 

53-13 

•42 

.00 

.00 

.69 

.00 

.00 

The  scales  formed  during  the  evaporation  of  juices  defecatecr 
with  lime  correspond  to  many  of  the  scales  in  our  mills  as  re- 
spects the  high  content  of  phosphoric  acid  and  increasing  amounts 
of  silica  deposited  in  the  latter  vessels.  Those  which  have  been 
carbonated  show  an  almost  entire  absence  of  both  phosphoric 
and  sulphuric  acids,  and  from  a  comparison  of  these  results 
amongst  themselves  and  compared  also  with  scums  from  defeca- 
tion and  carbonation  filter-presses,  the  authors  have  derived  in- 
teresting conclusions  which  we  quote  at  length : 

"The  figures  show  that  the  incrustations  in  the  first 
"body  contained  the  suspended  particles  ( in  the  clarified 
"juice),  while  the  incrustations  deposited  in  the  vessels 
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"where  the  juice  is  already  more  concentrated,  were  dis- 
**solved*  in  the  clarified  juice.  According  to  Pellet  and 
**other  authors,  the  lime  contained  in  calcium  aluminate 
"or  silicate  is  gradually  liberated  during  the  heating  of 
**their  solution  in  juice,  leaving  insoluble  alumina  and 
*'silica,  which  latter  is  to  be  found  in  well-nigh  every 
^'incrustation.  *  *  *  We  ascertained  as  a  result  of 
*'special  investigations  that  calcium  phosphate  is  very 
**sparingly  soluble  in  saccharine  liquids,  and  no  more 
**soluble  in  an  acid"  medium  than  a  neutral  or  alkaline 
"one,  so  that  only  very  little  calcium  phosphate  can  be 
"deposited  from  a  real  solution.  When,  however,  the 
"scales  in  the  first  vessels  contain  much  of  the  salt,  it  is 
"proof  that  the  calcium  phosphate  has  not  been  present 
"in  a  dissolved  state,  but  gelatinous  and  in  suspension. 
"The  fact  is  further  confirmed  by  the  knowledge  that  the 
"juice  from  carbonation,  which  is  filtered  in  presses  and 
"not  merely  clarified  by  subsiding,  does  not  contain  ap- 
"preciable  quantities  of  calcium  phosphate." 
In  an  earlier  article  on  molasses  in  the  same  periodical,  Mr. 
Prinsen  Geerligs  also  remarks  that 

"the  phosphates  of  clarified  cane  juice  do  not  occur  in 
"solution,  but  in  suspension,  and*  in  cases,  as  in  carbona- 
"tion  juices,  where  a  thorough  filtration  of  the  juice  is 
"possible,  they  arc  more  apt  to  be  removed  than  in  the 
"majority  of  cases,  where  nine-tenths  of  the  juice  is  not 
"filtered  at  all,  but  only  clarified  by  subsiding.  The  same 
"thing  is  true  for  silica;  in  the  list  we  find  almost  total 
"absence  of  this  body  in  carbonation  molasses,  while  the 
"defecation  molasses  contains  more  silica  which  has  es- 
"capcd  the  clarification  at  the  outset  of  manufacture." 

SC\LE  FRK)M  EVAPORATORS  IX  HAWAII. 

During  the  season  of  1907,  in  response  to  requests  from  this 
Station,  twenty-nine  samples  of  scale,  representing  twelve  mills, 
were  supplied  for  analysis.  The  results  are  tabulated  in  tables 
\T  and  \TI,  the  mills  being  designated  by  letters  fcir  future  refer- 
ence. 
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TABLE   VI. 


ANALYSES  OF  HAWAIIAN  SCALES. 


Mill 

Body 

Orgranic 
Matter 

Mineral             ^. 
Matter             ^'* 

roKe.,         Car 
73 

bonic 
xide 

Fat 
Wax,  etc 

A 

Third 

30.24 

69.76 

00 

* 

B 

" 

29.36 

70.64 

27 

32 

* 

C 

« 

2549 

74.51 

17 

00 

* 

D 

*' 

22.41 

77.59 

10 

04 

.22 

'' 

*i 

20.21 

79.79    : 

16 

00 

» 

E 

Fourth 

25.82 

74.18 

26                 I 

14 

If 

•• 

Third 

42.18 

57.82 

.90 

00 

• 

F 

First 

16.57 

83-43    1 

23                 I 

46 

* 

" 

Second 

29.41 

70.59 

44               I 

37 

♦ 

Third 

23.20 

76.80 

26               I 

71 

* 

'• 

Fourth 

44.15 

55.85    ' 

1 
25               I 

84 

* 

G 

First 

23.99 

76.01     ^ 

53      1        I 

45 

■33 

•* 

Second 

28.62 

71.38 

52              I 

36 

.26 

- 

Third 

26.52 

73.48 

36              I 

33 

41 

" 

Fourth 

37.00 

63.00 

34 

55 

* 

H 

First 

28.95 

71.05    1 

47 

23 

« 

•• 

Second 

32.40 

67.60 

51 

46 

♦ 

•' 

Third 

30.76 

69.24 

39      1 

48 

.49 

*' 

Fourth 

41.25 

58.75    ' 

19              I 

25 

.60 

1 

First 

34.53 

65.47 

78      1 

79 

♦ 

•• 

Second 

29.75 

70.25 

62              I 

05 

* 

- 

Third 

53.48 

46.52 

84      1 

28 

« 

Fourth 

54.01 

45.99    ' 

29      1 

50 

.22 

J 

First 

35.61 

64.39    1 

31 

00 

* 

•• 

Second 

50.15 

49.85  ; 

46      , 

56 

* 

First 

25.52 

74.48 

44 

00 

♦ 

Second 

28.7r 

71.29 

47      1 

•15 

♦ 

u 

Third 

26.35 

73.65 

47 

05 

* 

*  Not 

determinec 

. 
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TABLE   VII. 


ANALYSES  OF  MINERAL  MATTER  OF  SCALES. 


-r 


Mill 

A 
B 
C 
D 


Body 


Third 


G 


H 


Fourth 
Third 
First 
Second 
Third 
Fourth 
First 
Second 
Third 
Fourth 
First 
Second 
Third 
F'ourth 
First 
Second 
Third 
Fourth 
First 
Second 
First 
Second 
Third 


Silica 

«7.4I 
•53 

1.21 

354    I 

6.17 
n.45 

4-23 

591 
10.43 
11.64 
31.20 
16.88 
17.48 
1707 
5^.51 
.38 
.36 

2.22 

7^^ 

T.36 

580 

3-57 

24.6.S 

17.0S 

40.86 

4.04 

8.3  T 

:^6.^T 


lr«n  and 
Aluminum     Lime 
Oxides 


.91 
-23 
.45 

.28 

.85 
2.21 

1-45 
2.18 

L03 
4.06 
4.19 
3.84 
3.76 
305 
315 
3.4^ 
3-39 

LOO 
2.28 

2.45 
2.52 

77 

2.^2 

348 

^•75 

T.44 

.84 


10.75 
45-34 
39.35 
43.08 

44-47 
4^-71 
53.01 
48.33 
■4494 
47.57 
33.47 
43.08 
40.03 
4-2.Q4 
^5-^4 
46.98 

51.44 
49-97 
46.48 

5L22 

5L65 
58.37 

6lq5 

44-59 
47-06 

47-9S 
44.02 

3T.87 


Magnesia 

Phos- 
phoric 
Aci«l 

.10 

trace 

.08 

6.23 

3.40 

2.82 

.26 

LIO 

.46 

L22 

1.79 

1-47 

4.^0 

31-91 

3.79 

3-37 
2.49 

4.74 
3.56 
7.12 
319 
^-55 
2.83 
-2.51 
2.62 
423 
4-52 
3.20 
T.60 

L22 

-75 

2.QQ 
4.86 
4-12 

2.Q4 


38.62 

3504 
1590 
29.70 
2«.65 
29.54  I 
9.43 
43-94 
40.00 
39-31 
3^f2 

37-f^4 
33-77 
28.59  , 

8oo 

8.98 

4.20 
38.14 
39.29 

25-7  T 


Sulphuric 
Acid 


.88 
47.38 
52.10 

51.45 
46.02 

41.64 
3.71 

l6o 
6.08 
1.53 
10-34 
2.07 
2.0S 

2.97 
6.70 

3-^2 

179 
L78 

l86 
2.22 

3.0D 

508 

3-44 
26.60 

1.74 

2.TT 
2.54 
2.74 
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Some  of  the  samples  of  scale  were  accompanied  by  information 
regarding  method  of  clarification,  etc.,  which  is  herewith  pre- 
sented in  condensed  form. 

Mill  **5."  Standard  effects:  open  pan  clarification:  low  grade 
sugars  mixed  with  clarified  juice,  then  settled  out  and  taken 
through  the  effects;  press  juice  used  for  remelting  low  grade 
sugars:  no  sand  filters:  variety  of  cane  mainly  Yellow  Cale- 
donia. 

Mill  **Z>."  Standard  effects;  superheater;  low  grade  sugars 
not  reclarified;  press  juice  goes  directly  into  the  triple  effects;  no 
sand  filters ;  Laliaina  cane ;  scale  found  in  the  third  body  only.  At 
the  time  the  sample  was  taken,  the  effects  had  not  been  cleaned 
for  one  month,  and  scale  was  particularly  heavy  because  juice  of 
exceptionally  low  purity  had  been  evaporated  during  this  period. 
Scale  is  present  in  such  quantities  in  a  measure  because  of  the 
density  to  which  the  juice  is  evaporated,  namely,  in  the  neighbor- 
hood of  65'^  Brix.  The  effect  of  scale  is  somewhat  counteracted 
by  the  fact  that  lime  is  added  only  to  neutrality. 

Mill  "F."  Lillie  quadruple  effects:  superheater  and  intermedi- 
ate settlers:  juice  limed  to  neutrality,  no  clarifying  agent  other 
than  lime  employed;  sand  filters  used:  press  juice  mixes  with 
clear  juice  from  the  settlers  as  it  enters  the  sand  filters;  remelted 
low  grade  sugars  reclarified;  Lahaina  cane;  considerable  trouble 
with  scale  formerly  when  the  juice  used  to  be  sulphured ;  evapora- 
tors boiled  out  once  a  week  with  soda-ash  and  afterwards  with 
muriatic  acid:  also  use  "Evaporator  Compound"  in  place  of  soda 
with  good  effect. 

Mill  "//."  Lillie  quadruple  effect;  alkaline  clarification  with 
lime  only ;  closed  heaters  and  intermittent  settlers ;  sugars  not  re- 
melted ;  press  juice  mixed  with  mill  juice;  Lahaina  cane:  scale 
formed  principally  in  first  and  fourth  lx)dies,  tliat  in  first  body 
being  much  harder  than  that  in  fourth ;  very  little  scale  in  second 
and  third  bodies. 

Mill  '7."  Standard  effects:  lime  to  neutrality:  superlicaters 
and  intermittent  settling  tanks;  no  sand  filters:  press  juice  run 
into  effect  supply  tanks:  remelts  not  clarified*;  Lahaina  cane. 

Mill  '7.''  Lillie  and  standard  effects  (the  first  two  in  the 
tables  are  from  the  standard,  and  the  other  three  from  the  Lillie)  : 
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clarified  with  lime  only ;  superheater ;  no  intermittent  settlers ;  no 
sand  filters ;  remelted  low  grade  sugars  not  reclarified ;  press 
juice  returned  into  first  juice;  Yellow  Caledonia  cane. 

The  scales  were  all  scraped  from  the  tubes  previous  to  any 
treatment  by  soda  or  acid.  Some  of  them  contained  considerable 
copper,  indicating  in  a  measure  the  difficulty  which  was  experi- 
enced in  removing  the  incrustations,  the  amount  varying  from 
nothing  in  those  scales  consisting  principally  of  sulphate  of  cal- 
cium to  13.51%  in  the  scale  from  the  third  effect  in  Mill  **E." 
The  analyses  presented  are  all  calculated  to  copper-free  basis. 

The  deposits  can  be  generally  classified  as  silicate,  sulphate, 
and  phosphate  scales.  The  silicate  and  sulphate  scales  were  of  a 
white  or  light  gray  color,  and  in  thin  sheets  or  laminae.  The 
others  of  a  black  to  dark  gray  those  from  the  latter  bodies  being 
much  lighter  than  those  from  the  first. 

SILICATE   SCALES. 

As  with  the  scales  reported  by  Pellet  and  Prinsen  Geerligs,  the 
percentage  of  silica  increases  from  the  third  to  the  last  body. 
These  scales,  especially  when  principally  aluminum  silicate,  are 
hard  and  smooth  and  offer  an  immense  resistance  to  heat  trans- 
mission, it  having  been  estimated  that  they  possess  a  hundred 
times  less  conducting  power  than  brass.  The  silica  comes  not 
only  from  the  juice  itself,  but  also  frequently  from  the  lime  used 
in  clarification.  It  has  been  proposed,  in  order  to  eliminate  this 
danger  of  contaminating  the  juice  with  this  unwelcome  substance, 
to  slake  the  lime,  using  considerable  w^ater,  allow  it  to  settle,  and 
decant  and  discard  the  supernatant  liquid.  Claasen  criticises  this 
method,  calling  attention  to  the  fact  that 

"most  varieties  of  lime  contain  scarcely  any  impurities 
"which  are  soluble  in  water,  and  of  such  only  the  salts 
"of  the  alkalies  are  worth  considering,  for  those  con- 
"stituents  of  lime  which  are  difficultly  soluble  in 
"water,  or  dissolve  very  slowly,  such  as,  for  instance, 
"silicate  of  lime  and  alumina,  will  never  be  satisfactorily 
"removed,  for  the  simple  reason  that  they  are  much  more 
"soluble  in  sugar  solution  than  they  are  in  pure  water." 
Experiments  conducted  to  show  the  solubility  of  ferric 
oxide,  alumina,  and  silica  contained  in  quick-lime  when  in  hot 
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sugar  solution  show  that  as  soon  as  the  alkalinity  was  lowered 
to  between  0.15  and  0.07,  the  percentages  of  lime  and  alumina 
were  also  less.  The  solubility  of  silicic  acid,  however,  remained 
nearly  constant  at  variable  alkalinities.  These  deposits  resist 
the  action  of  acids,  but  are  partly  dissolved  by  the  action  of  boil- 
ing soda  solution.  Sometimes  this  fails  to  remove  it,  and  me- 
chanical scraping  must  be  resorted  to. 

SULPHATE   SCALES. 

The  list  of  scales  contains  six  which  consist  principally  of  sul- 
phate of  calcium.  The  sulphuric  acid  comes  entirely  from  the 
juices  of  the  cane,  no  sulphurous  acid  being  used  in  the  clarifica- 
tion ;  the  extent  to  which  it  is  present  must  depend  on  the  char- 
acter of  the  soil,  the  nature  of  the  fertilizers  applied,  or  the  prop- 
erty of  the  cane  or  of  different  varieties  of  cane  in  absorbing 
the  sulphuric  acid  radical  from  the  soil.  However,  a  study  of 
the  analyses  of  soils  from  the  districts  represented  reveals  no 
marked  difference  in  their  respective  contents  of  sulphuric  acid. 
From  fertilizers,  they  all  receive  approximately  the  same  amounts 
of  soluble  sulphates;  sulphate  of  ammonia,  sulphate  of  potash, 
and  sulphate  of  calcium  in  superphosphates,  being  always  present. 
The  fact  that  some  scales  are  formed  with  mineral  matter  con- 
sisting principally  of  sulphate  of  calcium  may  be  due  to  two 
causes,  ist,  that  the  style  of  evaporators  used,  whether  submerged 
tube  or  film,  affects  the  nature  of  the  incrustation  deposited;  or, 
2nd,  that  in  certain  districts,  canes,  of  the  same  or  different 
variety,  have  a  greater  selective  power  for  the  sulphuric  acid 
radical  than  in  others;  for  given  the  same  amount  of  sulphuric 
anhydride  in  the  juices  as  they  enter  the  effects,  it  would"  be  sup- 
posed from  the  very  nature  of  the  changing  solubility  of  calcium 
sulphate,  that  the  incrustation  in  the  last  body  would  be  largely 
composed  of  that  salt.  A  certain  increase  is  indeed  to  be  seen ; 
thus,  in  Mill  **F"  the  percentage  of  sulphuric  acid  increases  from 
1.60  per  cent,  in  the  first  to  10.34  per  cent,  in  the  fourth  body, 
and  in  Mill  **G"  from  2.07  per  cent,  to  6.70  per  cent.  On  the 
other  hand,  in  Mills  '*H"  and  *T"  there  is  no  appreciable  differ- 
ence. Two  years  ago  a  scale  was  analyzed  which  came  from 
Mill  "B,*'  and  also  a  deposit  from  molasses  from  the  same  source, 
with  results  as  follows: 
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Molasses 
Deposit 


Silica   

Lime    

Magnesia    

Phosphoric  Acid 
Sulphuric  Acid  . 


.17 
42.87 

.60 

948 

4176 


2.11 
41.65 

.25 
4.00 

49-55 


It  will  be  seen  that  the  composition  of  the  scale  in  this  instance 
is  practically  constant,  and  not  due  to  any  seasonal  accident  or 
peculiarity  of  the  juices. 

SOLUIHLITY  OF  SULPHATE  OF  CALCIUM  IX  PU'RE 
SOLUTIONS. 

Sulphate  of  calcium,  which  is  anhydrous  gypsum,  is  more 
soluble  in  cold  water  than  in  hot.  The  results  as  published  by 
different  investigators  var\'  greatly  owing  to  the  tendency  of  the 
salt  to  form  supersaturated  solutions.  The  maximum  concen- 
tration exists  at  about  37.5  '  Centigrade  (99.5^  Fahrenheit),  when 
a  liter  contains  2.15  grams,  decreasing  to  1.798  grams  at  boiling 
temperature.  The  presence  of  other  salts  affects  the  solubility 
differently,  those  containing  a  conmion  ion  decreasing,  and  those 
not  containing  a  common  ion  increasing  it.  According  to 
Droeze,  a  liter  of  a  solution  containing  four  grams  potassium 
chloride  will  dissolve  2.32  grams  at  21  ^  C,  while  with  the  con- 
centration increased  to  80  grams  of  the  chloride  per  liter,  5.84 
grams  are  dissolvecf.  Sugar  likewise  affects  the  solubility.  In 
1866  Sostmann  gave  results  showing  that  a  67  per  cent,  solution 
of  sugar  would  contain  4.94  grams  of  the  sulphate  in  a  liter. 
Later  rcFcarches  have  given  results  quite  to  the  contrary.  G. 
l>ru]ins  (Centr.  Zuckerindustrie )  shows  that  the  solubility  de- 
creases instead  of  increases  with  the  concentration  of  the  sugar 
(Uirirg  evaporation  and  boiling,  and  that  both  with  neutral  and 
alkaline  juices,  a  separation  of  gypsum  in  after  products  must 
take  place.  Stolle  has  also  published  a  table  from  which  the 
fc^llowirg  fisnires  are  taken : 
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TABLE   VIII. 


SOLUBILITY  OF  SULPHATE  OF  CALCIUM  IN  SUGAR  SOLU- 
TIONS AT  DIFFERENT  TEMPERATURES. 


Per  Cent.  Sugar 

Grams  of  Calcium  Sulphate  in  1000  grams  solution. 

30°  C.  (86°  F.) 

50-  C  (122°  F.) 

70°  C.  (158°  F.) 

o 

1.733 

1-655 

lO 

2.045 

1733 

1576 

20 

1.811 

1.421 

1.421 

42 

1. 03 1 

777 

.856 

55 

.... 

.505 

.369 

A  series  of  experiments  was  made  in  this  laboratory  for  the 
purpose  of  determining  the  solubility  of  calcium  sulphate  in 
sugar  solutions  under  conditions  approximating  those  existing 
during  the  clarification  of  juices;  also,  for  comparison,  in  solu- 
tions without  sugar  and  at  room  temperature.  For  this  purpose, 
a  strength  of  sugar  solution  of  13  per  cent,  sucrose  was  adopted, 
this  being  the  average  of  the  mixed  juices  in  X)ur  mills;  and  of 
potassium  chloride,  a  solution  containing  2.50  grams  to  the 
litre,  this  being  about  the  average  content  of  this  salt  in  Island 
juices.  The  solubility  was  determined  at  room  and  boiling  tem- 
perature. According  to  Goldammer,  water  is  fully  saturated 
with  calcium  sulphate  by  shaking  it  with  the  finely  divided  sub- 
stance for  five  minutes.  However,  it  was  thought  safer  to  allow 
the  contact  to  last  for  thirty  minutes.  Two  grams  of  chemically 
pure  calcium  sulphate  were  placed  in  250  cubic  centimeters  of 
distilled  water  free  of  carbonic  oxide,  and  in  solutions  of  sugar 
and  potassium  chloride,  and  shaken  at  frequent  intervals  during 
half  an  hour.  Other  equal  portions  were  submitted  to  similar 
treatment  with  boiling  water,  the  flasks  being  connected  with 
reflux  condensers,  so  as  to  permit  of  no  loss  by  evaporation. 
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TABLE    IX. 


SOLUBILITY  OF  CALCIUM  SULPHATE  IN  AQUEOUS 
SOLUTIONS. 


Solvent. 


Grams  Calcium 

Sulphate  per  Liter. 

2r  c 

' 

100°  C. 

2.IOO 

1.792 

2.538 

, 

2.212 

1789 

1.465 

2.I7I 

1.883 

Water    

Water  and   Potassium  Chloride. . 

Water  and  Sugar 

Water.  Pot.  Chloride  and  Sugar.  . 


This  table  shows  that  the  solubility  is  raised  by  the  presence 
of  potassium  chloride,  and  depressed  by  heat  or  sucrose  under 
every  condition,  and  in  nearly  the  same  proportions. 

In  table  XIV  will  be  found  analyses  of  juices  showing  their 
content  of  sulphuric  acid,  the  average  of  the  clarified  juices  being 
1.461  grams  per  liter.  This  acid  radical  is  combined  principally 
with  potassium  and  magnesium  as  their  sulphates,  and  to  a  lesser 
extent  with  calcium,  as  sulphate  of  calcium.  Cameron  and  Brea- 
zeale  (Journal  of  Physical  Chemistry)  have  shown  that  calcium 
sulphate  is  less  soluble  in  solutions  of  potassium  and  magnesium 
sulphates  than  in  water,  the  solubility  decreasing  with  the  con- 
centration of  the  solvent  salts.  But  potassium  chloride  is  also 
present  in  the  juices,  and  the  solubility  of  the  calcium  sulphate  is 
greater  in  its  solutions  than  in  water,  increasing  proportionately 
with  the  amount  of  the  chloride  present.  We  have  then  an  ex- 
planation of  a  two-fold  action  taking  place  in  the  evaporators, — 
the  tendency  of  the  calcium  sulphate  to  be  thrown  out  of  solu- 
tion, due  to  the  increasing  concentration  of  the  sucrose  and  the 
sulphates  of  potassium  and  magnesium,  counteracted  slightly 
by  the  increasing  solubility  of  the  gypsum  in  the  more  concen- 
trated potassium  chloride  solution.  Unfortunately,  the  rate  of 
solution  is  greatly  inferior  to  that  of  precipitation,  and  sulphate 
deposits  or  scales  result. 

A  juice  clarified  in  the  laboratory  with  a  sliglit  excess  of  lime 
contained  0.339  grams  of  calcium  sulphate  per  liter.      An  ef- 
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feet,  then,  which  takes  care  of  600,000  gallons  of  juice  of  a  simi- 
lar composition  a  week  would  have  769.95  kilograms  of  this  sub- 
stance passing  through  it.  If  this  juice,  originating  with  13.48 
per  cent,  sucrose,  were  evaporated  to  55  per  cent,  sucrose,  there 
would  result  118,176  gallons,  which,  from  table  Mil,  would,  at 
158"  F.  be  saturated  with  165.07  kilograms  of  the  lime  sulphate, 
leaving  604.9  kilograms  to  be  precipitated,  either  as  a  deposit 
from  the  syrup  or  after  products,  or  as  incrustation  on  the  vari- 
ous tubes,  principally  on  those  of  the  last  vessel.  If  the  syrup 
leaves  the  last  body  with  42  per  cent,  sucrose,  there  would  result 
166,184  gallons,  which  at  the  same  temperature  would  contain 
538.5  kilograms  of  sulphate  of  calcium,  leaving  231.45  kilograms 
to  be  deposited.  In  other  words,  the  greater  the  concentra- 
tion, the  larger  will  be  the  amount  of  lime  sulphate  liable  to  be 
deposited  as  scale;  an  increase  of  eight  per  cent,  in  evaporation 
increasing  the  amount  of  scale- forming  deposit  by  161.3  per  cent. 
Of  course,  not  all  of  the  sulphate  of  calcium  that  is  rendered 
insoluble  is  deposited  on  the  tubes,  a  large  part  settling  out  later 
in  the  syrup  tanks,  and  also  from  the  molasses  subsequent  to 
blowing  up.  Oi  that  portion  forming  scale,  a  small  proportion 
will  be  found  in  the  first  bodies,  but  the  greater  portion  in  the 
last,  since  the  tendency  to  form  incrustation  will  be  greatly  aug- 
mented by  the  greater  viscosity  and  consequent  slower  move- 
ment of  the  syrup.  That  such  an  increase  in  sulphate  scale  does 
result  from  a  higher  co.:centration  of  the  juice  is  evidenced  by 
the  experience  of  Mill  "D."  The  figures  given  above  are  no 
great  exaggeration  of  possible  conditions.  A  scale  similar  to 
one  of  the  samples  received  and  a  thirty-second  of  an  inch  in 
thickness  distributed'  eve.ily  over  the  tubes  of  an  effect  having 
1,000  square  feet  evaporating  surface,  will  weigh  199,735  grams, 
and  with  a  content  of  57  per  cent,  calcium  sulphate  will  contain 
113,849  grams  of  that  salt;  while  if  of  double  this  thickness,  it 
will  weigh  twice  this  amount,  or  227,798  grams. 

It  is  noticeable  that  all  the  sulphate  scales  originate  in  vessels 
of  the  submerged  tube  type.  However,  not  all  of  this  type  give 
a  sulphate  scale,  as  Mill  *'!"  has  a  vertical  effect.  Unfortunately 
we  have  received  but  one  set  of  samples  from  a  mill  where  both 
styles  of  evaporation  are  in  use,  viz:  Mill  "J"  Here  the  excep- 
tional condition  is  presented  of  a  scale  from  the  first  body  con- 
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taining  a  greater  percentage  of  sulphuric  acid  than  that  from  the 
second.  Nevertheless,  the  first  body  of  this  vertical  effect  pro- 
duces a  scale  with  ten  times  as  much  of  this  radical  as  does  any 
of  the  bodies  of  the  Lillie.  No  positive  explanation  can  be  of- 
fered at  this  time  of  this  phenomenon,  but  it  is  doubtless  due 
either  to  the  different  compositions  of  the  respective  juices,  or 
their  more  rapid'  circulation  in  the  film  evaporators,  not  offering 
time  for  the  scaly  deposit  of  calcium  sulphate  to  adhere. 

REMOVAL  OF  SULPHATE  SCALE. 

Gypsum  can  be  dissolved  by  the  action  of  dilute  muriatic  acid 
only  after  long  continued  boiling,  a  condition  which  is  not  favor- 
able for  the  long  life  of  the  metal  containers,  although  a  mixture 
of  the  acid  with  five  times  its  volume  of  water  will  not  affect 
copper  or  brass  if  it  does  not  consist  of  more  than  fifty  per  cent, 
zinc.  Zinc  itself  and  iron,  however,  are  quickly  dissolved.  The 
solubility  of  gypsum  in  dilute  hydrochloric  acid  at  boiling  tem- 
perature is  as  follows: 


Grams  Hydrochloric 
per  liter 


77 
3.06 
6.12 


Grams  Calcium  Sulphate 
per  liter 

11.209 
31780 
46.902 


The  better  plan,  however,  is  to  boil  with  a  dilute  solution  of 
sodium  carbonate,  which  has  the  two-fold  action  of  disintegrating 
the  scale  by  dissolving  the  fats  and  loosening  up  the  other  or- 
ganic matter,  and  of  converting  the  calcium  sulphate  into  calcium 
carbonate,  which  is  readily  dissolved  by  weak  muriatic  acid. 

Lime  sulphate  is  also  more  soluble  in  a  solution  of  common 
salt  than  in  water,  one  containing  20  per  cent,  sodium  chloride 
dissolving  8.23  grams  per  liter  at  20°  C.  A  rise  in  temperature 
lowers  the  solubility  until  at  100°  C.  only  2.5  grams  remain  in 
solution.  It  is  also  soluble  in  many  other  salts,  as  ammonium 
sulphate  and  sodium  thiosulphate.     An  endeavor  has  been  made 
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to  use  these  compounds  in  removing  this  incrustation  from  rum 
stiils,  but  without  any  success.* 

Lime  as  sulphate  can  be  removed  from  the  juices  before  evapo- 
ration partially  by  sodium  carbonate,  whereby  sodium  sulphate 
and  the  more  innocuous  calcium  carbonate  result ;  or  almost  com- 
pletely by  treatment  with  barium  salts.  Neither  of  these  methods 
is  to  be  recommended,  the  latter  especially  on  account  of  the 
poisonous  nature  of  barium  compounds. 

PHOSPHATE   SCALES. 

The  balance  of  the  scales  are  composed  principally  of  lime 
phosphate.  The  solubility  of  the  different  phosphates  of  lime  has 
received  extended  study.  That  of  tri-calcic  phosphate,  the  in- 
soluble form  in  which  it  is  precipitated  from  the  juice  during 
defecation,  has  been  greatly  complicated  by  the  fact  that  a  true 
solution  of  this  substance  does  not  take  place  when  it  is  placed  in 
contact  with  water,  but  a  partial  decomposition  results.  The 
extent  of  this  decomposition  or  hydrolysis  varies  with  the  relative 
masses  of  the  solvent  and  the  solute,  the  time  of  contact,  tempera- 
ture, and  completeness  of  agitation.  The  products  of  the  de- 
composition are  hydroxide  of  calcium  and  free  phosphoric  acid, 
the  latter  going  entirely  into  solution,  the  former  partly,  the  re- 
mainder forming  with  the  calcium  phosphate  left  a  basic  phos- 
phate. The  acid  radical  is  dissolved  out  in  far  greater  propor- 
tion than  the  lime,  so  that  the  resulting  solution  ahvays  has  an 
acid  reaction. 

In  experiments  with  a  pure  preparation  of  tri-calcic  phosphate, 
Warrington  showed  that  after  boiling  it  with  water  for  three 
hours,  the  solution  contained  three  times  as  much  phosphoric  acid 
as  calcium,  although  the  original  contained*  a  little  more  calcium 
than  required  by  the  formula  where  the  relation  between  lime  and 
phosphoric  acid  is  as  i  to  0.845. 

All  the  salts  of  calcium  diminish  the  amount  of  phosphoric  acid 
going  into  solution  in  w^ater.  Solutions  of  potassium  chloride  up 
to  a  certain  concentration  act  likewise,  but  increase  the  amount  of 
lime,  the  solutions,  however,  still  having  an  acid  reaction. 
Sucrose  solutions  dissolve  the  phosphate  in  inverse  proportion 
to  the  concentration.  The  following  is  from  Spencer's  Hand- 
book: 
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Strength  of 
Sugar  Solution. 

Calcium  Phosphate  Grams 
per  liter. 

5  per  cent. 

.029 

10     '* 

.028 

15     '•      " 

.014 

20      " 

.018 

25      "         " 

.00^ 

For  the  purpose  of  ascertaining  the  soIuhiHty  of  the  phosphate 
in  sugar  solutions,  determinations  were  made  in  this  laboratory 
with  similar  solutions  to  those  used  in  the  determinations  of  the 
solubility  of  sulphate  of  calcium.  The  necessary  length  of  con- 
tact and  strength  of  solutions  were  determined  by  preliminary 
tests,  the  aim  being  to  obtain  concentrations  which  would  allow 
exact  measurements  of  the  elements  dissolved.  The  conditions, 
then,  of  the  experiments  do  not  pretend  to  entirely  duplicate  those 
obtaining  in  a  mill.  The  strength  of  sucrose,  13  per  cent.,  and 
that  of  potassium  chloride,  0.25  per  cent.,  are  derived  from  the 
average  of  many  juices.  The  time  of  contact  was  two  hours, 
the  cold  solutions  being  shaken  at  frequent  intervals.  The  boil- 
ing was  conducted  in  flasks  connected  with  reflux  condensers. 
There  were  four  series  of  tests,  with  water  alone,  water  and 
potassium  chloride,  water  and  sucrose,  and  water,  potassium 
chloride  and  sucrose.  The  solubility  was  determined'  both  with 
the  phosphate  alone  and  with  calcium  carbonate  suspended  in  the 
solvent.  Calcium  carbonate  was  selected  from  the  list  of  com- 
pounds which  decrease  the  solubility  of  the  phosphoric  acid  as 
being  the  one  that  it  would  be  possible  to  use  both  econoinically 
and  practically,  if  the  results  warranted  it,  and  as  further  having 
no  known  injurious  action  on  the  juice.  The  sugar  used  was  re- 
fined granulated,  the  ash  being  determined  and  proper  allow- 
ance made  in  the  calculations.  The  water  was  carbonic  oxide 
free,  and  the  potassium  chloride  and  calcium  carbonate  chemically 
pure.  The  calcium  phosphate  was  almost  exactly  correct,  as  the 
following  analysis  shows:  , 
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Tricalcic  Phosphate 91.62  per  cent. 

Calcium  Hydroxide   .89    ** 

Moisture    I  7.40    " 


The  following  tables  give  the  amounts  of  lime  and  phosphoric 
acid  contained  in  a  liter  of  solution.  In  each  case  the  determina- 
tion was  made  w^ith  500  cc.  of  the  respective  solutions,  an 
amount  of  the  phosphate  equivalent  to  five  grams  of  tri-calcic 
phosphate,  and  one  gram  of  calcium  carbonate.  As  stated  be- 
fore, the  conditions  were  exaggerated  over  what  is  found  during 
the  clarification  of  juices,  but  all  determinations  were  carried  on 
under  exactly  similar  conditions,  and  are  strictly  comparable. 

TABLE    X. 


SOLUBILITY  OF  PHOSPH.ATE  OF  CALCIUM  IN  W.VPER. 


Tcmoerature  Lime  ,   Phosphoric  Acid 

^  Grams  per  Liter    Grams  per  Liter 


Reaction 

N/io  C.  C. 

per  Liter 


Without  Calcium  Carbonate 


25°  C. 
100°  c. 


.0053 
.0055 


.0201 

.0777 


3.41  Acid 
19.62  Acid 


With  Calcium  Carhonatc 


Neutral 
Alkaline 


Boiling  rapidly  accelerates  the  decomposition  of  the  calcium 
phosphate  into  free  phosphoric  acid  and  basic  lim.e,  the  former 
increasing  over  three  fold,  while  the  amount  of  the  latter  going 
into  solution  remained  constant.  Addition  of  calcium  carbonate 
either  prevented  the  solution  of  the  acid,  or  upon  its  being  re- 
leased interacted  with  it  forming  a  fresh  precipitate  of  insoluble 
calcium  phosphate,  the  amount  of  phosphoric  acid  actually  in 
solution  not  being  determinable  by  ordinary  laboratory  methods. 
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There  was  much  more  iime  dissolved  when  the  carbonate  was 
present,  but  upon  boiling  the  amount  was  reduced  to  almost  that 
of  the  solution  without  this  addition. 

TABLE    XI. 


SOLUBILITY  OF  PHOSPHATE  OF  CALCIUM  IN  WATER  CON- 
TAINING 0.25  PER  CENT.  POTASSIUM  CHLORIDE. 


Temperature. 


Lime 
Grams  per  Liter 


Phosphoric  Acid 
Grams  per  Liter 


Without  Calcium  Carbonate 


25^  C. 
100''  c 


25^  c 
100°  C 


0.012 1 
0.0116 


0.0221 
0.0800 


Reaction 

N/io  C  C 

per  Liter 


3.28  Acid 
18.67  Acid 


With  Calcium  Carbonate 


0.0427 
0.0105 


trace 
faint  trace 


Neutral 
Alkaline 


A  decided  increase  of  lime  in  solution  is  effected  by  the  pres- 
ence of  the  potassium  chloride,  the  phosphoric  acid  remaining 
practically  the  same.  The  relative  chancres  are  the  same  as  in 
the  previous  table. 

TABLE    XII. 


SOLUBILITY  OF  PHOSPHATE  OF  CALCIUM  IN  WATER  CON- 
TAINING 13  PER  CENT.  OF  SUGAR. 


Temperature. 


Lime  Phosphoric  Acid 

Grams  per  Liter    G'*ams  per  Liter 


Reaction 

N/io  C  C. 

per  Liter 


Without  Calcium  Carhonate 


25°  c 

0.0 1 Q5                       0.0192 

3^1  Acid 

100°  C 

0.0175                    0.0726 

- 

With  Calcium  Carhonate 

17.79  Acid 

i                    ~       - 

25°  c. 

0.0386                                      O.GOI6 

Neutral 

100°  C. 

0.0242               j                      0.00046 

.\lkaline 
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The  presence  of  the  sucrose  increased  the  amount  of  liine 
g^oing  into  solution,  while  that  of  phosphoric  acid  was  slightly 
lowered  where  no  calcium  carbonate  was  added.  While  in  pure 
water  solution,  this  compound  reduced  the  amount  of  the  phos- 
phoric acid  to  a  mere  trace,  in  a  sugar  solution  it  was  retained  in 
determinable  quantities.  A  considerable  reduction  in  the  amount, 
however,  is  obtained,  a  comparison  between  the  boiled  solutions 
in  the  above  table  showing  that  the  one  in  which  the  calcium  car- 
bonate was  present  held  less  than  0.7  per  cent,  as  much  phos- 
phoric acid  as  the  one  containing  no  carbonate. 

TABLE     XIII. 


SOLUBILITY  OF  PHOSPHATE  OF  CALCIUM  IX  W.V(  ER  CON- 
TAINING 0.25  PER  CENT.   POTASSIUM  CHLORIDE 
AND  13  PER  CENT.  SUGAR. 


Temperature. 


25°  C. 
100''  c. 


Lime 
Grams  per  Liter 


Phosphoric  Acid 
Grams  per  Liter 


Reaction 

N/io  C.  C 

per  Liter 


Without  Calcium  Carbonate 


0.0222 
0.0233 


0.0227 
0.0716 


3.31  Acid 
17.55  Acid 


With  Calcium  Carbonate 


25°  C. 
100°  C. 


0.0510 
0.0334 


0.00207 
0.00095 


Neutral 
Alkaline 


The  results  here  show  a  siinilar  relation  to  table  XI  as  is  ex- 
hibited between  tables  X  and  XIL  The  pliosphoric  acid  due  to 
the  sugar  is  a  little  higher  than  in  table  XII  on  account  of  the 
presence  of  potassium  chloride,  just  as  in  table  XI  the  phos- 
phoric acid  in  the  experiments  untreated'  with  calcium  carbonate 
was  greater  than  in  the  corresponding  tests  in  table  X. 

It  would  appear,  then,  that  under  the  conditions  of  these  ex- 
periments a  boiling  solution  containing  sucrose  will  dissolve  more 
phosphoric  acid  than  one  without. 
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Phosphoric  acid  exists  in  the  juices  combined  with  various 
bases,  iron,  alumina,  lime,  magnesia,  and  potash.  On  the  addi- 
tion of  lime,  lime  phosphate  is  precipitated  out  of  solution  along 
with  the  other  insoluble  products  of  defecation,  albumenoids,  etc. 
This  precipitated  phosphate  is  in  contact  with  the  juice  for  a 
brief  period,  as  it  passes  through  the  heater  or  is  boiled*  in  the 
defecators,  and  on  being  placed  in  the  settling  tanks  goes  to  the 
bottom  along  with  the  other  eliminated  impurities.  The  condi- 
tions of  the  experiments  are  consequently  quite  different,  but  it 
was  nevertheless  hoped  that  the  presence  of  calcium  carbonate  in 
the  juice  would  effect  a  more  complete  separation  of  insoluble 
lime  phosphate,  and  a  correspondingly  diminished  amount  that 
would  enter  the  evaporating  apparatus.  In  the  carbonation 
process  much  less  phosphoric  acid  is  found  in  the  scale  than  in 
that  from  the  defecation  process.  This  is  due,  according  to 
Prinsen  (^eerligs,  to  the  fact  that  in  the  former  case  the  juices 
are  filtered  and  particles  in  suspension  eliminated.  It  will  be 
shown  further  on  that  this  may  be  also  due  to  the  fact  that  such 
juices  are  always  limed  to  excess,  the  alkalinity  being  reduced 
afterwards  by  precipitation  of  the  lime  as  carbonate  by  means  of 
carbonic  acid  gas.  There  is  then  so  little  of  phosphates  left  in 
the  juices,  that  the  increasing  concentration  in  the  effects  does 
not  cause  a  precipitation  and  subsequent  deposition  of  phosphate 
scale. 

EXPERIMENTS  WITH  JLICES. 

With  the  object  of  learning  the  amount  of  phosphoric  acid  re- 
tained by  a  juice  after  clarification,  determinations  were  made 
with  a  juice  from  Daniel  Dupont  cane  having  the  following  com- 
position : 

Brix    1S.73 

Sucrose  I2.6q 

Purity    80.67 

Ghicose   .Co 

Ghicosc  Rai io  4.73 
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Mineral  contents: 

Soluble  Ash,    grams  per  liter 4-93-2 

Insoluble  Ash,        "        '*       "     3.760 

Total   Ash,  *•        "      "     8.692 

Lime.  **        "       "     263 

Phosphoric  Acid,   "        **      "     l.\68 

Sulphuric  Acid. '     T.278 

Chlorine,  *'        *'       *'     212 

Acidity,  terms  of  N/io  Acid 256 

Equal  quantities  of  this  juice  were  clarified*  with  varying 
amounts  of  milk  of  lime,  with  the  view  of  having  an  acid,  neutral 
and  alkaline  determination.  The  amount  of  lime  necessary  for 
this  purpose  was  calculated  from  the  acidity,  but  as  will  be  seen, 
an  insufficient  quantity  was  added  to  produce  neutrality.  Dupli- 
cates of  the  acid  and  neutral  clarification  were  made  with  5  grams 
of  calcium  carbonate  added  per  liter  of  juice.  In  each  case  the 
cold  juice  was  tempered  with  lime  until  the  desired'  reaction  was 
achieved,  the  lime  carbonate  added,  brought  to  a  boil,  kept  at 
boiling  temperature  for  two  minutes,  allowed  to  settle,  and  fil- 
tered through  filter  paper.  The  reaction  was  determined  with 
phenolphthalein.  The  results  are  tabulated  with  the  original 
juice  for  comparison  in  tables  XIV  and  XV. 

TABLE    XIV. 


ANALYSES  OF  JUICES. 


—                               - 1 

Brix 

Sucrose 

Purity 

Gl 

ucose 

( 

lluc<)se 
Ratio 

Acidity 

Original  Juice  

15-73 

12.69 

80.67 

.60 

4.73 

.256 

Acid    Clarification. . . 

16.96 

14.01 

82.61 

.68 

4.85 

.120 

Acid  Clarification  and 

Lime  Carbonate   . . 

16.89 

14.01 

82.95 

1 

,68 

1 

4.85 

1    -"^ 

Neutral    Clarification. 

16.28 

1345 

S,2.62 

1 

.64 

476 

.08, 

Neutral     Clarification 

and  Lime  Carbonate 

16.09 

13.31 

82,72 

.64 

1 

4.81 

.068 

Alkaline  Clarification 

16.17 

13.48 

83.36 

.62 

4.60 
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TABLE    XV. 


COMPOSITION   OF   MINERAL  MlATTER   OF  JUICE  FROM 
ACID  CLARIFICATION. 


Total  Ash  

Soluble  Ash 

Insoluble  Ash  . . . 

Lime    

Sulphuric  Acid   . 
Phosphoric  Acid 


Lime  only 


Lime  and 
Calcium  Carbonate 


(Grams  per  Liter) 


7.807 
5-233 
2.574 

.274 
1-443 

.593 


/•521 
5.081 
2.440 

.266 
1.523 

.591 


TABLE    XVL 


COMPOSITION  OF   MINERAL  MATTER  OF  JUICE  FROM 
NEUTRAL  CLARIFICATION. 


Total  Ash  

Soluble  Ash   . . . . 
Insoluble  Ash   .  . 

Lime    

Sulphuric  Acid   . 
Phosphoric  Acid 


Lime  only 


Lime  and 
Calcium  Carbonate 


(Grams  per  Liter) 


7.474 
4-970 
2.504 

.249 
1.426 

.436 


7-984 
6.159 

L825 

.260 

1.528 

•432 


TABLE    XVn. 


COMPOSITION  OF   MINERAL  MATTER  OF  JUICE  FROM 
ALKALINE  CLARIFICATION. 


Total    A<h    

Soluble  Ash   .... 
Insoluble   .'\sh    .  . 

Lime     

Sulphuric    Acid 
PlK^sphoric  Acid 


KGrams  per  Liter) 

.j  7-008 

-|  5.743 

.|  1.265 

.|  -217 

-I  1.385 

-,  .065 
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The  clarified  juices  showed  marked  differences  in  the  time 
necessary  for  complete  subsidence,  the  alkaline  settling  slowly,  the 
others  more  rapidly,  and  of  these,  the  ones  containing  the  lime 
carbonate  being  the  quicker.  As  regards  the  amount  of  phos- 
phoric acid  removed,  there  was  no  gain  due  to  the  carbonate,  the 
percentages  of  removal  being: 

Acid  Clarification 49'23  per  cent. 

Acid  Clarification  and  Calcium  Carbonate 49-40    " 

Neutral   Clarification    62.67    " 

Neutral  Clarification  and  Calcium  Carbonate. .     63.01     " 
.Alkaline  Clarification   94"i3    " 

The  lime  content  of  the  alkaline  juice  was  a  little  less  than  in 
the  others.  This  has  been  ascribed  to  the  formation  of  basic  lime 
salts  when  juice  is  limed  to  excess,  whereby  calcic  sixits  ar? 
thrown  out  of  solution. 

For  the  purpose  of  obtaining  a  juice  which  was  strictly  neutral 
a  second  and  more  complete  series  of  experiments  was  planned, 
in  which  attention  was  directed  exclusively  to  the  phosphoric 
acid.  As  has  been  pointed  out  by  H.  Pellet  and  Xoel  Deerr, 
phenolphthalein  is  not  a  reliable  indicator  as  regards  the  alkalinity 
of  cane  juice,  one  which  is  neutral  to  this  reagent  showing  a  de- 
cided alkaline  reaction  to  litmus.  It  was  suggested  to  the  writer 
by  Mr.  Deerr  that  the  color  of  the  juice  itself  is  a  valua])le  guide 
to  its  reaction.  A  fresh  lot  of  juice  from  the  same  variety  of 
cane  was  procured,  having  the  following  composition : 

Brix    16.19 

Sucrose  I3- 1<^ 

Punty    81.41 

.Acidity    1 25 

Glucose  was  not  determined,  since  the  purity  of  the  juice  alone 
would  sufficiently  indicate  any  considerable  destruction  of  sucrose. 

The  reaction  w^as  obtained  by  preparing  mixtures  of  20  c.  c.  of 
the  juice  in  250  c.  c.  of  water,  and  after  adding  varying  quanti- 
ties of  tenth  normal  soda,  observing  the  reaction  with  a  very  deli- 
cate litm.us  paper  obtained  from  Mr.  Bartel,  chemist  of  the  Wai- 
luku  Sugar  Company,  and  also  the  color  in  a  100  c.  c.  Xesslcr 
jar,  with  the  following  results: 
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5     c.  c.  N/io  Soda,  distinctly  alkaline  to  litmus,  color  dark        green 

4  *'  "  "               '*             "  "  *' 

3.5  "  "  '*               "             "  " • 

3.0     "  •*  "^  faintly           "  "  "  '*  green 

2.5  *•  "  "                  neutral  "  '*  *'  light 

2.0  "  **  "                     acid  **  **  "  yellowish 

1.0  "  "  "                       *'  "  " 

Even    the    first,    however,    showed    no    color    reaction    with 
phenolphthalein.     It  was  concluded  that  the  2.5  c.  c.  brought  the 
juice  to  neutrality,  and  from  this  the  acidity  of  0.125  deduced. 
Separate  portions  of  500  c.  c.  of  juice  were  clarified  with  varying 
amounts  of  powdered  quicklime  with  and  without  2  grams  of 
calcium  carbonate,  boiling  being  conducted  as  before  for  two 
minutes  and  the  juice  filtered  after  settling,  as  follows: 
0.25  grams  of  lime, — settled  poorly,  juice  remained  cloudy,  fil- 
tered slowly,  reaction  acid. 
0.35  grams  of  lime, — settled  fairly,  clarification  fair,  filtered  slow- 
ly, reaction  acid. 
0.45  grams  of  lime, — settled  quickly,  clarification  good,  filtered 

rapidly,  reaction  acid. 
0.5   grams  of  lime, — settled  quickly,  clarification  good,   filtered 

rapidly,  reaction  acid'. 
0.525  grams  of  lime, — settled  quickly,  clarification  good,  filtered 

rapidly,  reaction  neutral. 
0.55  grams  of  lime, — settled  quickly,  clarification  good,  filtered 
rapidly,  reaction  alkaline,  color  darker  than  the  preceding. 
0.6  grams    of    lime, — settled    fairly,    clarification    good,    filtered 
rapidly,  reaction  distinctly  alkaline,  color  very  dark. 
Xo  color  difference  was  observable  between  those  with  and 
without  calcium  carbonate,  but  the  sedimentation  was  more  rapid 
with  the  latter.     The  reaction  was  first  determined  with  the  deli- 
cate litmus  paper,  and  in  the  subsequent  determinations  of  acidity, 
the  juice  with  0.525  grams  of  Hme  was  accepted  as  being  neutral. 
The  reaction  of  the  others  w^as  then  determined  by  the  amount  of 
tenth  normal  acid  or  alkali  necessary  to  bring  them  to  the  same 
depth  of  color  as  this  standard,  observations  being  made  in  solu- 
tions of  the  same  strength  in  Xessler  jars. 
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TABLE    XVIII. 

ANALYSES  OF  JUICES. 

Lime 
Grams 

Calcium 

Cnrboiiate 

Grams 

Brix 

Sucrose 

Purity      1 

1 

Reaction 

N/10 
Solution 

^ 

16.19 

13.18 

81.41 

.125     Acid 

■2h 

17.06 

14.06 

82.42      1 

.075         " 

.25 

2 

17.16 

14.01 

81.64      , 

1 

" 

.35 

16.50 

13.58 

82.30 

.040         ** 

•35 

2 

16.65 

13.74 

82.52  ! 

w 

•45 

16.96 

14.01      1 

82.61   ' 

.0038       '* 

-45 

2 

16.54 

13.66 

82.59  1 

((             a 

-50 

16.69 

13.90 

83.28 

.0014         " 

50 

2 

16.69 

13.88      1 

83.16 

" 

-5^5 

16.75 

14.04 

83.82 

Neutral 

■525 

2 

16.75 

13.80 

82.39  1 

a 

.55 

16.69 

14.01 

83-94 

.0025  Alkaline 

•55 

2 

16.69 

13.82 

82.80 

u 

.60 

16.53 

13.86 

83.85  1 

.C056     " 

.60 

2 

16.53 

13-78      •• 

83-36  , 

1 

"        *' 

A  varying  but  almost  regular  drop  is  to  be  observed'  in  the  puri- 
ties where  calcium  carbonate  was  added.  It  is  not  believed  that 
this  is  due  to  any  destruction  of  sucrose,  and  calcium  carbonate 
is  so  slightly  soluble  as  not  to  be  able  to  cause  any  noticeable 
change  ia  this  respect.  It  is  hoped  that  opportunity  will  later  on 
be  presented  for  further  study  in  this  direction. 

Analysis  of  mineral  matter  was  confined  entirely  to  the  deter- 
mination of  phosphoric  acid.  Table  XIX  shows  the  amount  of 
phosphoric  acid  contained  in  grams  per  liter,  and'  the  percentage 
removed  in  each  case.  All  calculations  are  based  on  the  brix 
of  the  original  juice. 
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TABLE    XIX. 

Lirae  Grams 

Calcium 

Carbonate 

Grams 

1 

Phosphoric 

Acid 
Grams   per 

Liter 

Phosphoric  Acid 

Removed  per 

Cent 

L2I22 

•^5 

.6672 

44.96 

.25 

2 

.6629 

45.31 

.35 

.4282 

64.67 

.35 

2 

.4521 

62.70 

.45 

.2229 

8l6i 

•45 

2 

•^1993 

83^56 

•50 

.1286 

89.39 

.50 

2 

.1281 

8943 

•525 

.0888 

92.67 

.5^5 

2 

.0888 

Q2.67 

.55 

.0670 

94-47 

•55 

2 

.0674 

94  44 

.60 

•0531 

95.62 

.60 

2 

.0406 

96.65 

It  is  apparent  that  nothwithstandinsr  the  immense  restraining 
action  posses.^ed  by  calcium  carbonate  on  the  solubility  of  calcium 
phosphate  in  water  or  sugar  solution,  with  and  without  alkaline 
chlorides,  in  the  briefer  period  in  which  it  is  necessarily  in  con- 
tact with  the  juice  and  its  precipitate,  its  effect  is  practically  nil. 
It  is  evident,  however,  that  the  phosphoric  acid  found  in  scales  is 
not  entirely  due  to  the  suspended  matter,  but  also  to  that  which 
is  in  actual  solution,  since  the  results  given  above  are  from  juices 
which  have  passed  through  filter  paper.  That  suspended  matter 
does  affect  it,  there  is  no  doubt.  Perhaps  a  better  indicator  of 
the  presence  of  such  material  is  offered  by  the  nitrogen  content 
of  the  scales,  that  in  the  last  being  generally  less  than  in  the  first 
bodies.  An  analysis  of  a  scale  from  the  Deming  superheater  in 
Mill  **J"  shows  this  difference  m.ore  clearly,  the  nitrogen  in  the 
scales  from  the  effects  ranging  from  0.31  to  0.47  per  cent. 
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ANALYSIS  OF  SCALE  FROM  DEMING. 

Organic  Matter  30.18  per  cent. 

Mineral    Matter    69.82 

I     Nitrogen  ,      1.86        *' 

Carbonic  Oxide 10 

MINERAL  MATTER. 

Silica    24 

Iron  and  Aluminum   i.oi 

Lime    44-96 

Magnesia    6.90 

Phosphoric  Acid 46.26 

Sulphuric  Acid 42 

While  the  results  as  regards  scale  prevention  are  negative, 
calcium  carbonate  does  have  a  beneficial  effect  as  regards  rate  of 
sedimentation,  and  will  also  produce  a  better  press  cake,  which 
can  be  more  readily  and  completely  washed.  An  attempt  has 
been  made  to  utilize  this  substance  in  the  treatment  of  syrup  in 
diffusion  plants.  In  a  process  patented  by  Dabrowski  and  Kacz- 
markiewiez,  the  diffusion  syrup  is  treated  with  natural  powdered 
carbonate  of  lime,  also  with  milk  of  lime.  The  powdered  car- 
bonate of  lime  is  obtained  from  lime  stone,  chalk  or  pure  marl. 
To  the  syrup  is  added,  with  continual  stirring,  one  per  cent,  or 
more  of  carbonate  of  lime  and  sufficient  milk  of  lime  to  impart 
to  the  syrup  an  alkalinity  of  0.07.  The  syrup  is  afterwards 
heated  to  80"^  C,  whereby  the  sediment  formed  is  separated  more 
easily.  The  removal  of  this  sediment  gives  a  freer  boiling  syrup. 
What  this  sediment  is  composed  of  is  not  stated,  but  in  the  light 
of  our  present  knowledge  it  is  reasonable  to  suppose  that  it  is 
largely  composed  of  phosphate  of  calcium,  with  perhaps  some 
sulphate  of  calcium  which  had  already  separated  out  from  the 
syrup,  but  had  not  been  deposited  as  scale  in  the  effects. 

Carbonate  of  calcium  is  soluble  only  to  a  very  small  degree  in 
water  free  from  carbonic  acid,  and  less  so  in  solutions  of  sugar 
than  in  water,  the  degree  of  solubility  lessening  with  the  concen- 
tration. It  has,  as  far  as  known,  no  deleterious  action  on  sugar ; 
if  further  researches  should  show  a  method  of  utilizing  it  where- 
by the  amount  of  scale  formed  can  be  materially  reduced,  it  will 
he  of  immense  value  in  increasing  the  efficiency  of  the  effects. 
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REMOVAL  OF  PHOSPHATE  SCALE. 

The  removal  of  phosphate  scale  by  solution  in  boiling  acid 
presents  no  great  difficulty.  A  previous  treatment  with  soda  is 
always  advisable,  in  order  to  disintegrate  the  organic,  matter, 
whereby  the  time  necessary  to  dissolve  the  scale  afterwards  with 
muriatic  acid  is  lessened.  A  solution  of  >4  to  i  per  cent,  can 
be  used,  and  boiling  for  an  hour  will  leave  the  tubes  practically 
free  of  incrustations. 

LIME  USED  IN   CLARIFICATION. 

Care  should  be  taken  that  the  lime  contains  but  a  small  per- 
centage of  impurities,  particularly  magnesia  and  soluble  silicates, 
so  that  a  minimum  amount  of  substances  tending  to  form  scale  is 
introduced  into  the  juice. 

METHODS     OF     MANUFACTURE     TENDING     TO 
DIMLNISH  SCALE. 

Sand  Filters.  The  use  of  sand  filters  prevents  in  a  large 
measure  the  formation  of  scale.  The  kind  of  sand  used"  influ- 
ences to  a  considerable  degree  the  advantages  obtained.  At  one 
of  the  mills  using  these  appliances,  an  appreciable  reduction  of 
scale  was  noticed  after  substituting  coral  sand  for  quartz  sand. 
It  seems  probable  that  during  the  passage  of  the  juice  through 
the  filters,  not  only  was  the  removal  of  the  suspended  matter  ac- 
complished as  effectually  with  the  coral  sand  as  with  that  first 
employed,  but  that  there  was  also  a  precipitation  or  fixation  of 
some  of  the  dissolved  phosphates  diue  to  their  interaction  with 
calcium  carbonate,  of  which  the  sand  is  composed.  To  deter- 
mine the  action  of  the  coral  sand  on  the  phosphate  contents  of  the 
juice,  the  following  experiment  was  carried  out:  Four  and  a 
half  litres  of  juice  from  the  same  cane  as  was  used  in  the  previ- 
ous determinations  were  clarified  with  four  grams  of  lime.  The 
clarified  juice  settled  well,  was  of  a  light  green  color,  and  showed 
a  slight  acidity  to  litmus.  Coral  beach  sand  was  prepared  by 
copious  washing  with  distilled*  water  until  all  soluble  matter  was 
removed,  and  placed  in  a  percolator  to  a  height  of  four  and  a  half 
inches.  The  clarified  juice  was  filtered  through  filter  paper  and 
the  usual  analyses  made.  A  part  was  sent  through  the  sand 
filter,  the  first  runnings  being  discarded,  until  the  filtered  juice 
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had  about  the  same  density  as  the  unfiltered.  The  rate  of  perco- 
lation was  so  regulated  that  the  juice  was  in  contact  with  the 
sand  for  about  two  minutes.  The  juice  had  naturally  cooled 
somewhat  during^  the  time  necessary  for  filtration  through  paper, 
and  at  the  time  of  emergence  from  the  sand  filter  was  almost  at 
room  temperature.  The  composition  of  the  juices  was  as  fol- 
lows : 

TABLE    XX. 


COMPOSITION  OF  JUICES  BEFORE  AND  AFTER  FILTRA- 
TRATION  THROUGH  CORAL  SAND. 


Brix. 


Sucrose. 


Purity. 


Raw  Juice  16.59  1363 

Clarified  Juice  1716  14.28 

Sand  Filtered  Juice...         16.63  13.85 


82.16 
83.22 
83.28 


The  mineral  composition  figured  to  the  brix  of  the  raw  juice 
is  given  in  the  following  table : 


TABLE    XXI. 


MINERAL  MATTER  OF  JUICES  BEFORE  AND  AFTER  FIL- 
TRATION THROUGH  CORAL  SAND. 


Raw 
Juice. 


I 


Filtered 
Juice. 


Sand  Filtered 
Juice. 


(Grams  per  liter.) 


Total           Ash 9.240 

Soluble          "  5524 

Insoluble       "  37^^ 

Lime    -3^ 

Sulphuric     Acid 1-364 

Phosphoric        '*  1.212 

Silica    .470 


7.612 
6.284 
1.328 

.215 
1.287 

.185 
.213 


7.439 
6.008 

1.431 

.241 

1.226 

.0859 
.204 
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The  action  of  the  sand  in  removing^  phosphoric  acid  is  very 
marked,  the  juice  from  the  sand  filter  containing  less  than  one- 
half  as  much  of  this  element  as  that  not  filtered  through  sand. 
Where  84.73  P^^  cent,  of  phosphoric  acid  was  removed  by  the 
action  of  lime  alone,  92.91  per  cent,  was  taken  out  by  the  action 
of  the  lime  and  sand  filter  combined.  In  addition  to  the  su- 
periority of  coral  over  quartz  sand  in  this  respect,  is  also  the 
question  of  cost,  an  abundance  of  coral  sand  being  available  to 
most  of  our  mills. 

Intermediate  Settling  Tanks.  Where  the  juice  settles  slowly 
after  clarification,  much  of  the  sediment  which  would  otherwise 
be  carried  into  the  evaporators  can  be  gotten  rid  of  by  use  of 
intermediate  settlers.  A  continuous  settler  in  one  of  our  mills 
is  ingeniously  contrived  from  the  tanks  or  boxes  formerly  be- 
longing to  a  Taylor  bag  filter.  These  are  combined  into  one 
large  tank  and  divided  into  compartments  by  partitions  of  wood 
about  twelve  inches  high  running  across  the  bottom  perpendicu- 
lar to  the  direction  of  the  flow  of  the  juice.  This  enters  at  one 
end  and  is  continually  discharged  at  the  other,  gradually  deposit- 
ing its  sediment  as  it  passes  over  the  successive  partitions,  until 
that  leaving  the  apparatus  is  almost  perfectly  clear.  While  not 
producing  as  brilliant  a  juice  as  sand  filters,  a  material  reduction 
of  suspended  matter  is  effected  at  a  very  low  cost  of  time  and 
apparatus. 

METHODS  OF  MANUFACTURE  TENDING  TO  IN- 
CREASE SCALE. 

1.  It  is  self-evident  that  a  juice  which  settles  poorly  will  make 
scale ;  in  the  absence  of  sand  filters  or  intermediate  settlers,  clarifi- 
cation must  be  improved  to  avoid  this.  A  very  obstinate  juice 
can  be  made  to  settle  by  the  well-known  method  of  over-liming 
and  the  addition  of  clariphos  or  a  similar  phosphoric  acid  com- 
bination, the  heavy  precipitate  of  calcium  phosphate  settling 
rapidly  and  carrying  down  with  it  most  of  the  suspended  matter. 
Care  must  be  taken  that  the  juice  is  left  neutral  or  slightly  alka- 
line, otherwise  the  object  aimed  at  will  be  missed. 

2.  Returning  remelted  low  grade  sugars  into  the  evaporators 
without  previous  clarification,  it  is  obvious,  introduces  many  im- 
purities into  the  effects  which  would  be  avided  if  the  remelts 
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had  first  been  sent  through  the  clarification  process  with  the  mill 
juice.  The  objection  has  been  urged  against  this  that  an  in- 
creased sucrose  content  in  the  press  cake  is  produced,  or  a 
greater  volume  of  water  used  in  the  washing  thereof  made  neces- 
sary ;  but  if  the  remelt  is  allowed  to  mix  slowly  and  continuously 
with  the  mill  juice,  this  need  not  be  feared". 

3.  Mixing  press  juice  with  the  clarified  juice  just  before  it 
enters  the  effects  is  very  liable  to  produce  an  immense  amount  of 
scale,  particularly  in  the  first  body.  Usually  the  scums  are  given 
additional  lime  and  boiled  up,  before  they  are  pumped  into  the 
fiher  presses,  so  that  the  press  juice  is  of  a  greater  alkalinity 
than  the  juices  from  which  they  originated.  Any  juice,  unless 
limed  to  a  considerable  alkalinity  will  give  a  further  precipita- 
tion when  more  lime  is  added ;  so  that  upon  the  admixture  of  the 
over-limed  press  juice  with  the  neutral  or  under-limed  clarified 
juice,  a  fresh  precipitate  is  formed.  Without  any  opportunity 
for  depositing,  this  precipitate  enters  directly  into  the  first  ves- 
sel, w^ith  disastrous  results  to  it  as  regards  scale.  It  would  seem 
that  in  such  cases  all  difficulty  might  be  avoided  by  a  more  heavy 
liming  of  the  juice  for  clarification.  With  many  juices,  how- 
ever, it  has  been  found  necessary,  in  order  to  produce  good  set- 
tling or  good  boiling  qualities,  to  keep  them  neutral,,  or  even 
slightly  acid.  It  is  much  better  to  run  the  press  juice,  whether 
it  has  been  used  for  remelting  low  grade  sugars  or  not,  into  the 
mill  juice  for  re-clarification,  or  rather  for  re-settling. 


The  writer  desires  to  express  his  obligations  to  Mr.  A.  E. 
Jordan,  who  assisted  in  the  analytical  work,  and  to  the  following 
publications,  from  which  he  quoted  freely: 

"International  Sugar  Journal." 

"Sugar  and  the  Sugar  Cane,"  Noel  Deerr. 

"Beet  Sugar  Manufacture,"  Claasen ;  Hall  &  Rolfe's  transla- 
tion. 

"Beet  Sugar  Manufacturing  and  Refining,"  Ware. 

"Journal  of  the  American  Chemical  Society," 
and  various  bulletins  of  the  Bureau  of  Soils,  U.  S.  Department 
of  Agriculture. 
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LETTER  OF  TRANSMITTAL* 


To  the  Experiment  Station  Committee  of  the  Hawaiian  Sugar 
Planters'  Association,  Honolulu,  Hawaii. 

Dear  Sirs: — I,  herewith,  submit  for  publication  as  Bulletin  No. 
22  of  the  Division  of  Agriculture  and  Chemistry,  an  article  en- 
titled :  "A  Theory  of  the  Extraction  of  Juice  by  Milling.'*  This 
article  has  been  prepared  by  Mr.  Noel  Deerr,  Assistant  Director 
of  this  EHvision. 

Yours  very  truly, 

C.  F.  ECKART, 
Director,  Division  of  Agriculture  and  Chemistry. 

Honolulu,  Hawaii,  January  28,  1908. 
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A  THEORY  OF  THE  EXTRACTION  OF  JUICE 
BY  MILLING- 


By  Noel  Deerr. 

It  is  intended  in  this  Bulletin  to  follow  out  algebraically  the 
processes  in  general  use  applied  to  the  extraction  of  sugar  from 
canes,  and  to  obtain  expressions  representing  what  results  when 
different  method's  of  working  are  employed  under  ideal  condi- 
tions, that  is  to  say,  when  the  water  used  in  saturation  processes 
works  at  its  maximum  efficiency.  Results  so  obtained  will  be 
strictly  comparative  amongst  themselves,  although  they  will  not 
represent  the  imperfect  conditions  holding  in  the  actual  factory 
work. 

The  process  adopted  to  extract  the  sugar  from  the  canes  may 
l)e  divided  into  two  parts : 

1.  The  crushing  of  the  canes  without  the  addition  of  water  or 
other  diluent;  this  I  shall  refer  to  as  the  "Dry  crushing." 

2.  The  extraction  of  the  residual  juice  left  after  the  dry  crush- 
ing by  the  saturation  of  the  dry  crushed  bagasse  with  water  or 
diluted'  juice,  and  subsequent  recrushing.  This  I  shall  refer  to 
as  the  ^'Saturated  crushing." 

In  the  simple  algebraic  formulae  developed  here  /  denotes  the 
fibre  per  unit  weight  of  cane,  fu  denotes  the  fibre  per  unit  weight 
of  bagasse,  and  i(j  denotes  the  water  added  in  tlie  saturation  of  tlie 
bagasse  per  unit  weight  of  cane. 

Preliminary  considerations:  If  /  and  ;//  have  the  significance 
already  attributed  to  them,  then  the  weight  of  bagasse  per  unit 
weight  of  cane  is    —  and  the  weight  of  the  juice  expressed  is 

m 

The  weight  of  juice  in  unit  weight  of  cane  is  i  -f,  so  that 

m 

the  juice  extracted  per  unit  weight  of  juice  in  the  cane  is  • 

•'  '^  to  J  ni    (1— f) 

The    weight   of   juice    remaining   in    the   bagasse    is  , 

and  the  juice  lost  in  the  bagasse  per  unit  weight  of  juice  in  the 
cane  is   .    Owing  to  the  first  expressed  juice  being  richer 
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than  that  left  in  the  bagasse,  the  extraction  per   lOO  sucrose  :n 

m-f 

cane  is  higher  than  is  indicated  bv  the  formula    — - — -• 

'^  '  ra  (1  —  f) 

If  the  sugar  value  of  the  expressed  juice  is  indicated  by  unity 
and  the  sugar  value  of  the  residual  juice  by  a,  then  the  sugar 
value  of  all  the  juice  in  the  cane  is  represented  by 

m  —  f         af(l— m)  m-faf  —  f  —  afra 

+ = 

m  m  •m 

and  the  extraction  will  be  given  by  the  formula 

m  —  f         m-f-af  —  f  —  afm  m-f 

m  m  m-faf  —  f  —  afm 

With  canes  containing  12%  of  fibre  and*  thereabouts,  and  dry 
crushed  to  45%  of  fibre  or  thereabouts,  it  will  be  found  on  trial 
that  the  residual  juice  in  the  bagasse  contains  a  percentage  of 
sugar  about  85%  of  that  contained  in  the  expressed  juice;  if, 
then,  for  a  .85  be  substituted  it  will  be  found  that  the  extraction 
of  sucrose  is  from  2.5 9f    to  3.0%   higher  than  is  indicated  by 

the  formula The  variation  depends  on  the  amount  of 

m(l-f)  ^ 

fibre  in  the  cane,  and  on  the  relation  between  expressed  and  resi- 
dual juice. 

As  typical  of  the  results  obtained  in  a  modern  mill  I  take  45% 
of  fibre  in  dry  crushed  bagasse  as  representative  of  good'  modern 
work.  In  table  I,  I  have  calculated  out  the  extraction  obtained, 
when  canes  containing  10%  to  14%  or  fibre  are  dry  crushed  to 
45%  of  fibre,  allowing  an  increase  in  the  extraction  of  3%  over  and 

above  that  indicated  bv  the  formula  .    so  as  to  allow   for 

m(l-f) 

the  decreased  sugar  value  of  the  residual  juice  in  the  bagasse. 
The  effect  of  the  added  neater. 

To   —  bagasse  obtained  in  the  dry  crushing  let  iv  water  be 

added  per  unit  weight  of  cane ;  let  this  water  mix  completely  with 
the  residual  juice  in  the  bagasse,  the  weight  of  which  per  unit 

of  cane  is    .    The  weight  of  the  bagasse  and   water   is 

m 

then 

f  f  -I-  wm 


ra 
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and  the  residual  juice  in  this  bagasse  is  as  has  already  been  shown 
so  that  the  weight  of  dihited  juice  is 


f(l-m)                     f-|-  wm  —  f  m 
+  w   =   


If  this  saturated*  bagasse  be  crushed  until  it  again  contains  m 
nbre  per  unit  weight  of  bagasse,  evidently  the  weight  of  diluted 
juice  obtained  is  w  and  the  proportion  obtained  of  that  originally 
present  is 

f  -f-  wm  —  fm  wm 

w  -~  =  

m  f  -|-  wm  —  f  m 

If  the  content  of  fibre  in  the  dry  crushed  bagasse  be  m,  and  in 
the  saturated  crushed  bagasse  ;«',  the  proportion  of  sugar  ob- 
tained of  that  actually  present  may  be  found  in  this  way.      To 
—  bagasse   let   w   water   be   added ;   as   before   the    weight   of 

f  +  wm  .  fm 

bac^asse  now  is ,    and  it  contains  fibre.    Let  this 

^  m  f  +  wm 

bagasse  be  crushed  to    m'  fibre,  when  the  weight  of  the  ba- 

f  . 

gasse  becomes    — ;  and  the  weight  of  the  diluted  juice  obtained  is 

' -f  wm  f  m'(f4-wm) — fm 

—    =    •  The  whole  weight  of  diluted 

m  m'  mm' 

....  ,   ,  .      f  -h  wm  -  fm 

juice  in  the  saturated  bagasse  is  ,   so  that  the  propor- 

m 
m'    (f  H-  wm)  —  fm  f  -f-  wm  —  fm         m'  (f  +  wra)  —  fm 

tion  obtained  is 


ram'  m  m'  (f  +  wm  —  fm) 

These  expressions  may  be  used  as  the  basis  of  a  theory  of  the 
extraction  of  sugar  from  canes  and  incidentally  to  form  a  system 
of  control. 

Single  maceration. 

By  this  term  I  mean  a  process  where  the  canes  after  the  pre- 
liminary dry  crushing  are  saturated  once  with  water  and  again 
crushed,  as  opposed  to  a  process  entailing  the  return  of  the  diluted 
third  mill  juices.  I  mentioned  above  that  I  took  45%  of  fibre  in 
dry  crushed  bagasse  as  typical  of  good  modern  work ;  in  the  crop 
of  1907  the  average  fibre  in  the  final  bagasse  in  25  Hawaiian  fac- 
tories was  49.65%,  and  I  shall  take  50%  of  fibre  in  the  final  ba- 
gasse as  representative  of  good  modern  work.  In  Table  No.  II, 
I  have  calculated  out  what  proportion  of  the  sugar  in  the  cane  is 
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obtained'  by  a  single  maceration,  with  complete  admixture,  for 
different  amounts  of  added  water,  in  all  cases  after  the  canes 
have  been  dry  crushed  to  45%  of  fibre  and  after  allowance  as 
already  detailed  has  been  made  for  the  decreased  sugar  value  of 
the  residual  juice  in  the  bagasse.  It  follows  as  a  result  of  the 
equation,  and  as  can  be  seen  from  an  inspection  of  the  table,  that 
as  the  quantity  of  water  added  increases,  the  sugar  obtained  per 
unit  of  water  added  rapidly  decreases ;  for  example,  with  canes 
containing  10%  of  fibre,  the  addition  of  10%  of  water  corresponds 
to  an  increase  in  the  extraction  of  6%,  and  if  30%  of  water  be 
added  the  extraction  due  to  the  water  is  8.4%,  an  increase  of  only 
2.4%  for  an  addition  of  20%  of  water. 

The  proportion  of  sugar  extracted  due  to  the  dry  crushing,  and 
due  to  saturation,  varies  in  accordance  with  the  fibre  in  the  cane : 
as  the  fibre  mcreases,  more  sugar  is  left  in  the  dry  crushed  ba- 
gasse, and  a  greater  proportion  is  obtained",  due  to  the  saturated 
crushing;  the  admixture  of  the  added  water  is  never  complete, 
and  hence  with  high  fibre  in  cane  it  becomes  of  greater  import- 
ance to  carefully  oversee  the  admixture  of  the  added  water,  and 
to  obtain  as  efficient  a  dry  crushing  as  is  possible. 

Double  maceration. 

Instead  of  applying  the  water  in  one  dose  it  may,  in  a  twelve 
roller  mill,  be  applied  in  two,  a  portion  after  the  preliminary  dry 
crushing,  and  a  portion  after  the  saturated  bagasse  has  been 
crushed  in  the  third'  mill.  The  calculation  of  the  extraction  with 
complete  admixture  and  upon  the  same  data  as  before  can  be 
made  as  follows : 

In  the  case  of  a  cane  with  10%  of  fibre  crushed  in  the  prelimin- 
ary dry  crusliing  to  45/^  of  fibre,  and  then  after  the  addition  of 
water  10%  on  the  weight  of  the  cane,  crushed  to  50%  of  fibre, 
the  total  extraction  (see  Table  II )  is  95.05%,  leaving  4.95%  in 
the  bagasse.  To  this  bagasse  let  water  \o%  on  weight  of  cane  be 
again  added  with  complete  admixture,  and  let  the  bagasse  satur- 
ated for  the  second  time  be  again  crushed  to  50%  of  fibre;  then 

wm 

of  the  sugar  remammg  ~ part  is  obtained'  in  the  ex- 
pressed diluted  juice.  Substituthig  for  w  .10,  for  ;//  .50,  and 
f()r  /  .10,  this  expression  becoir.es  .5.     Hence  of  the  4.95  sugar  in 
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the  already  partially  treated  bagasse  .5  X  495  =  2.475  ^^ 
obtained,  making  the  total  extraction  under  these  conditions 
95.05-1-2.47  =  97.52,  compared  with  the  96.61  obtained  under 
equal  conditions,  except  that  the  water  was  added  in  one  dose. 
In  Table  III,  1  have  calculated  the  possible  extractions  on  the  sup- 
position that  the  canes  are  first  crushed  to  a  fibre  content  of  45% 
and  then  twice  in  succession  to  a  fibre  content  of  50%  ;  water  10%, 
15%,  etc.,  being  applied  behind  the  second  and  third  mills.  The 
results  of  the  calculation  showing  the  extraction  due  to  the  added 
water  may  be  compared  with  those  set  out  in  Table  II,  which  was 
calculated  on  the  basis  that  all  the  water  was  added  in  one  dose ; 
generally  there  is  indicated  an  increase  in  the  extraction  in  favor 
of  double  maceration  of  the  order  of  1%,  and  this  is,  I  take  it, 
the  benefit  to  be  obtained  from  a  twelve  roller  mill,  as  compared 
with  a  nine  roller  mill  when  the  quantity  of  cane  milled  remains 
the  same.  In  a  scheme  of  this  sort  so  complicated  a  question  as 
the  increase  in  the  capacity  of  the  plant  due  to  the  installation 
of  an  additional  mill  cannot  be  expressed  on  paper. 

The  return  of  diluted  juices. 

The  highest  possible  efficiency  of  the  added  water  occurs  when 
the  diluted  juices  from  the  last  m.ill  are  used  to  saturate  the  ba- 
gasse coming  from  a  preceding  mill;  a  complete  algebraical  ex- 
pression representing  this  system  of  working  is  not  easy  to  ob- 
tain, and  w-hen  it  is  obtained  it  is  not  elegant.  A  comparison 
of  working  with  w^ater  only,  and  with  return  of  diluted  juices  is 
best  shown  by  means  of  a  worked  out  example. 

Let  the  milling  plant  be  a  twelve  roller  mill ;  the  canes  are  sub- 
jected to  a  dry  crushing  in  the  first  six  rollers  until  the  per- 
centage of  fibre  is  45%  ;  water  30%  on  weight  of  cane  is  then 
added  behind  the  third  mill,  and  the  diluted  juices  coming  from 
the  fourth  mill  are  used  to  saturate  the  bagasse  coming  from  the 
dry  crushing;  in  the  third  and  fourth  crushings  the  bagasse  is 
taken  as  having  50%  of  fibre;  the  cane  is  assumed  to  have  12% 
of  fibre,  and  the  same  allowance  as  heretofore  is  made  for  the 
decreased  sugar  value  of  the  residual  juice  in  the  bagasse  and 
complete  admixture  of  the  diluents  is  assumed. 

Canes  containing  12%  of  fibre  when  crushed  to  45%  of  fibre 
will  on  the  lines  already  established  afford  in  the  expressed  juice 
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85.82%  of  the  sugar  originally  present,  leaving  14.18%  in  the  dry 
crushed  bagasse;  to  this  14.18  let  30  water  per  100  cane  be 
added,  and  let  the  saturated  bagasse  be  crushed  to  50%  of  fibre ; 

1  1    •         .If  ,      m'    (f  -I-  wm)  -  f  m  .  ^  ^ 

then  applying  the  formula an  extraction  of  10.36 

^^  -^      ^  m'    (f  +  wm  -  fm)  ^ 

per  100  sugar  in  cane  is  obtained  in  this  saturated  crushing.  Let 
the  diluted  juice  containing  this  10.36  sugar  be  applied*  to  the  dry 
crushed  bagasse ;  the  first  effect  of  returning  this  diluted  juice  is  to 
reduce  the  extraction  from  85.82%  to  85.82 — 10.36=75.46%,  leav- 
ing 24.54%  in  the  bagasse.  If  this  saturated  bagasse  be  crushed  to 
50%  of  fibre,  73.1%  of  the  sugar  it  contains  is  obtained; 
.731  %X24. 54=17.94,  so  that  the  extraction  at  this  stage  is 
76.54+  17.94  =  93.40,  and  6.60%  is  left  in  the  bagasse  as  it  now 
leaves  the  third  mill.  To  this  crushed  saturated  bagasse  let  30 
water  per  100  cane  be  added,  and  let  it  be  again  crushed  to  50% 
of  fibre;  then  of  the  sugar  present  55.5%  is  obtained; 
.555X6.60  =  3.66,  so  that  the  extraction  has  now  reached 
93.40  +  3.66  =  97.06%.  Now  let  the  3.66  sugar  contained"  in 
diluted  juice  be  applied  to  the  dry  crushed  bagasse,  so  that  the 
extraction  is  reduced  to  85.82  —  3.66  =  82.16,  there  now  being 
17.84%  in  the  bagasse;  as  before,  73.1%  of  this  ,or  13.04,  is  ex- 
tracted in  the  third  mill,  making  the  total  extraction  at  this  stage 
82.16+  13.04  =  95.20,  and  leaving  4.80%  in  the  bagasse;  again 
adding  30  water,  55.5%  of  this,  or  2.66%  is  obtained  in  the  fourth 
mill,  so  that  the  total  extraction  now  is  95.20+2.66=97.86%. 

Proceeding  in  this  way,  and  calculating  the  successive  extrac- 
tions by  a  series  of  steps,  it  is  noticed  that  each  successive  addi- 
tion to  the  extraction  becomes  smaller  and  smaller,  until  no  ap- 
preciable difference  between  any  two  consecutive  extractions  is 
found ;  in  this  case  the  limiting  value  is  found  to  be  practically 
98.0%. 

Under  equal  conditions,  but  with  the  water  applied  half  after 
the  second  and  half  after  the  third  mill,  and'  no  return  of  diluted 
juice,  the  extraction  was  found  to  be  97.44. 

For  the  purpose  of  convenient  comparison,  I  collect  here  com- 
parative data  calculated  on  the  lines  followed  above: 

If  the  extraction  in  a  nine  roller  mill  with  single  macera- 
tion is 96.18 
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Then  the  extraction  in  a  twelve  roller  mill  with  the  same 

quantity  of  water  added  in  two  portions  is 97-44 

And"  if  all  the  water  be  added  after  the  third  mill,  and  the 
last  mill  juice  be  returned  behind  the  second  n^ill,  then 
the  extraction  is 98.00 

I  have  not  included  any  calculation  of  divided  addition  of  water, 
or  of  return  of  diluted  juices  in  a  nir*^  roller  mill,  as  generally  the 
bagasse  coming  from  the  first  mill  is  not  sufficiently  well  crushed 
to  absorb  a  diluent,  so  as  to  obtain  any  useful  eflfect. 

The  effect  of  an  inferior  dry  crushing. 

Instead  of  taking  45%  of  fibre  in  the  dry  crushed  bagasse,  let 
the  percentage  of  fibre  be  40%.  Then  if  the  canes  contain  12% 
of  fibre,  the  extraction  due  to  dry  crushing  is  81.93%,  leaving 
18.07%  i"  the  bagasse ;  let  this  bagasse  after  the  addition  of  water 
be  crushed  to  50%  of  fibre ;  below  I  have  calculated  what  will  be 
the  extraction  with  single  maceration  after  tb*^  addition  of  water 
10%,  20%,  etc.,  on  cane,  and  for  the  purpose  of  comparison  add 
the  figures  already  obtained  when  the  dry  crushed  bagasse  con- 
tains 45%  of  fibre. 


Water  addecf  per  iOO  cane. 


10         20  30         40         50 


40%  of  fibre  in  dry  crushed 
bagasse    

45%  of  fibre  in  dry  crushed 
bagasse    


92.26    94.29  I  95.48    96.26    96.80 
93.10    ,9509.96.19    96.89197-37 


The  advantage  in  favor  of  the  more  effective  dry  crushing  is 
in  reality  greater  than  is  shown  in  the  above  calculation ;  com- 
plete admixture  is  in  both  cases  assumed ;  in  practice  we  do  not 
obtain  complete  admixture,  but  the  admixture  will  be  the  less  im- 
perfect the  more  the  bagasse  is  disintegrated ;  that  is  to  say,  when 
the  fibre  content  is  higher 
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SrOGESTED    METHODS    TOWARDS    THE    CONTROL    OF    THE    MH-LING 

PLANT. 

T.     The  density  of  the  last  will  juiee. 

On  the  supposition  that  the  densitv  of  the  juice  is  constant 
throughout  the  cane  (a  supposition  that  is  not  very  far  from  the 
truth)  it  is  easy  to  obtain  the  density  of  the  last  mill  juice  when 
complete  admixture  is  assumed.  Vox  example,  let  canes  with 
12%  of  fibre  be  crushed  until  they  contain  45%  of  fibre;  then  the 
weight  of  juice  remaining  in  the  bagasse  per  unit  weight  of  cane  is 

: '. —  -  .1467:  let  this  juice  be  of  densitv   18  Rrix,  and  let 

water  20%  on  cane  be  added  with  complete  admixture.    Then  the 
density  after  mixtur*?,  i.  e.,  the  density  of  the  last  mill  juice  is 

.1467    X   18 


.1467   -f-     .2 

In  Table  \\\  I  have  calculated  for  a  single  maceration  process 
the  density  of  the  last  mill  juice  for  degrees  Brix,  in  the  norm.il 
juice  from  15  to  22,  and  for  added  water  per  100  cane  from  10 
to  50,  the  dry  crushed  bagasse  containing  45%  of  fibre,  and  the 
cane  containing  12%  of  fibre.  As  the  mixture  becomes  less  com- 
plete, less  solids  are  extracted,  and  the  density  of  the  last  mill 
juice  will  fall.  This  table  and  calculaticm  is  introduced  as  a 
means  of  overseeing  the  efficiency  of  the  added  water. 

Comparison  of  last  mill  juice  tcith  the  residual  juice  in  bagasse. 

A  number  of  years  ago  it  was  the  custom  in  Java  mills  to  work 
out  a  "Coefiicient  of  admixture  of  atfded  water"  on  the  following 
lines: 

t^  ^    .  .  ,       ,  .     .        .      ,  Supur  per  ctnt.   in   bnga^se 

bugar  yr  m  residual  juice  in  bagasse— >  100. 

1       fibre  per  cent,  in  ba?aKi!>e 
.  ...  Supar  %    in   ImkI   mill  juice 

Coemcient  of  admixturc*^^ 

SuKar  '^c    in    residual  juice 

This  figure  does  not  appear  in  the  more  recent  reports,  and  for 
this  reason  I  believe  that  it  is  no  longer  employed. 

The  figure  as  it  stands  is  liable  to  misinterpretation' ;  if  a  small 
quantity  of  water  has  !)een  used  a  high  coefficient  must  necessarily 
result,  even  if  no  admixture  whatever  has  taken  place;  and  as  the 
residual  juice  always  contains  less  sugar  than  that  already  ex- 
pressed an  accurate  comparison  on  these  lines  is  impossible. 
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The  relation  between  added  water  %  on  canes  and  betiveen  dilu- 
tion %  on  normal  juice. 

As  the  weight  of  the  canes  is  greater  than  the  weight  of  the 
normal  juice,  it  might  appear  that  the  figure  giving  the  added 
.  water  %  on  canes  would  be  less  than  that  giving  the  dilution  % 
on  normal  juice ;  a  great  part  of  the  water  added  does  not,  how- 
ever, enter  into  the  mixed  juice,  but  passes  away  with  the  ba- 
gasse, and  with  complete  admixture  the  figure  expressing  the 
added  water  %  on  canes  will  always  be  considerably  greater  than 
that  expressing  the  dilution  %  on  normal  juice.  To  obtain  a 
comparative  table  of  these  figures  I  proceed  as  follows:  The 
degree  Brix  is  taken  as  being  uniform  throughout  the  cane;  let 
the  degree  Brix  be  i8;  let  the  canes  contain  12%  of  fibre  and  be 
dry  crushed  to  45%  of  fibre,  after  which  with  complete  admixture 
water  20%  on  cane  is  added,  and  the  saturated  bagasse  crushed  to 
50%  of  fibre.  In  a  dry  crushing  following  on  the  equations  al- 
ready established  there  are  obtained  73.33  parts  of  juice  at  18 
Brix  per  100  cane;  14.67  parts  of  juice  are  left  in  the  bagasse, 
which,  when  completely  mixed  with  20  parts  of  water  give  34.67 
parts  of  diluted  juice  at  7.61  Brix;  on  crushing  this  bagasse  to 
50%  of  fibre  there  are  obtained  22.67  parts  of  diluted  juice  at 
7.61  Brix;  this,  when  mixed  with  73.33  parts  of  normal  juice  at 
18  Rrix,  will  give  96  parts  of  mixed  juice  at  15.55  Brix,  and  the 
dilution  %  on  normal  juice  is  by  the  usual  method  of  calculation 
^5-75%  •  the  added  water  per  cent,  on  cane  at  the  same  time  being 
20%.  In  Table  V,  I  have  calculated  for  single  maceration  and 
complete  admixture  the  dilution  %,  on  normal  juice  when  water 
10%  to  50%  is  added  to  canes  containing  12%  of  fibre  and'  dry 
crushed  to  45%  of  fibre,  and  after  saturation  to  50%  of  fibre. 

Xow  if  the  admixture  is  incomplete  water  passes  into  the  mixed 
juice  without  carrying  in  the  sugar  which  it  was"  the  object  of  its 
application  to  obtain,  and  the  dilution  will  be  higher  than  calcu- 
lated above.  Such  a  system  of  comparison  gives,  then,  an  idea  of 
the  efficiency  of  the  added  water,  and  may  be  used  in  the  control 
or  technical  oversight  of  a  mill,  and  it  is  to  this  end  that  the 
calculation  has  been  introduced". 
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.^  method  for  expressing  the  e/fieieiicy  of  the  added  icater, 

A  control  or  oversight  of  the  useful  effect  of  the  added  wnier 
is  afforded,  as  has  been  shown  above,  by  comparisons  of  tlu- 
figures  expressing  the  added  water  %  on  canes  with  the  dilution 
%  on  normal  juice,  and  also  by  comparing  the  density  of  the  last 
mill  juice  with  the  calculated  figure  when  the  admixture  is  com- 
plete. A  more  exact  and  definite  comparison  may  be  obtained 
by  the  use  of  the  following  methods : 

In  a  plant  employing  a  single  maceration  process,  let  the  canes 
contain  12%  fibre,  and  let  them  be  dry  crushed  to  45%  of  fibre; 
then  on  the  lines  already  established,  the  extraction  due  to  the 
dry  crushing  is  85.82%.  Let  water  20%  on  cane  be  added  to  the 
dry  crushed  bagasse:  then  with  complete  admixture  and  crushing 
to  50%  fibre,  a  further  extraction  of  9.20  is  obtained ;  suppose 
the  actually  recorded  extraction  is  93.63%  :  then  that  due  to  the 
saturation   is  93.63  —  85.82  =  7.81.      What  may  be  termed  the 

efiiciencv  of  the  added  water  is  then       —  =  s  49  ;  i.  e.,  the  added 

9.20 

water  has  extracted  84.9%  of  the  maximum  amount  of  sugar  pos- 
sible. To  apply  this  formula  in  actual  practice  demands  a  knowl- 
edge of  the  fibre  in  the  dry  crushed  bagasse,  a  determination  that 
is  not  usually  made :  perhaps  in  actual  work  it  would  be  sufficient 
to  determine  the  average  extraction  due  to  the  dry  crushing 
process  (varied,  of  course,  as  the  fibre  in  the  cane  varies)  and  to 
use  the  figure  so  determined  in  the  calculation  of  the  efficiency 
of  the  added  water. 

Actually  the  amount  of  sugar  extracted  in  the  mills  in  these 
Islands  falls  short  of  that  which  with  complete  admixture  would 
be  obtained  with  a  single  maceration  process ;  I  am  of  the  opinion 
that  the  calculated  figure  for  the  extraction  due  to  saturation  in  a 
single  maceration  process  might  be  made  the  basis  upon  which 
the  efficiency  of  the  added  water  is  expressed*,  independent  of 
what  system  of  maceration  is  employed. 

The  effect  of  raryinir  quantities  of  fibre  in  the  material  treated. 

The  effect  of  an  increase  in  the  fibre  content  of  the  canes  in  de- 
creasing the  amount  of  juice  obtaine^l  in  the  dry  crushing  has  been 
given  in  a  preceding  paragraph ;  with  a  maceration  process  some- 


Digitized  by 


Google 


15 

what  different  results  are  obtained,  and  a  more  extended  analysis 
is  given. 

Let  there  be  taken  as  types  canes  containing  io%  and  12%  of 
fibre,  and  let  these  canes  contain  the  same  amount  of  sugar,  and 
be  similar  in  all  respects  except  in  so  far  as  concerns  the  per- 
centage of  fibre ;  as  in  previous  examples,  let  these  canes  be  sub- 
jected to  a  dry  crushing  to  45%  of  fibre,  followed  by  a  crushing 
to  50%  of  fibre  after  the  addition  of  water  20%  on  weight  of 
cane;  complete  admixture  is  assumed,  and  the  same  allowance  as 
previously  made  for  the  decreased  sugar  value  of  the  residual 
juice  in  the  bagasse.  The  canes  with  10%  of  fibre  will  give  an 
extraction  of  89.01%  in  the  dry  crushing,  and  those  with  12%  of 
fibre  will  yield  85.82%.  An  extraction  of  95%  is  to  be  obtained 
in  lK>th  cases;  the  amount  of  water  necessary  to  be  added"  in 
saturation  to  the  bagasse  can  be  obtained  by  solving  the  equation 

m'   (f  -(-  wm)  -  f m  .  .  . 

-; =  a.  where  a  is  the  proportion  of  sugar  required  to 

bring  the  extraction  up  to  95%  expressed  as  a  part  of  that  left  in 

the  bagasse  after  the  dry  crushing,  and  ;//,  ;/r',  /,  and  it'  have  the 

significance  already  attached  to  them.      In  the  case  of  the  canes 

containing  10%  of  fibre  the  sugar  left  in  the  bagasse  after  the 

dry  crushing  is  100  —  89.01  =  10.99;  to  bring  the  extraction  up 

to  95%  there  must  be  a  further  extraction  of  95  —  89.01  ^5.99, 
5.99 

so  that  a=  =  .545.      Substituting:    for    m,    ;;/',   and   /   their 

10.99  ^  »        '  / 

proper  values,  tc  is  found  to  be  9.;^6;  i.  e.,  water  9.76%  on  cane 
must  be  used  to  saturate  the  dry  crushed  bagasse.  A  similar  cal- 
culation for  the  canes  with  12%  of  fii)re  gives  the  quantity  of 
water  in  this  case  as  19.62%  on  weight  of  cane. 

With  the  canes  containing  10%  of  fibre  and  finally  crushed  so 
that  the  bagasse  contains  50%  of  fibre,  the  weight  of  the  bagas.se 

is  20%   of  the  canes    (—  =  —  =  .20);   the  weight  of  canes  and 

^  (m         50  )  ^ 

water  added  is  109.76,  so  that  the  weight  of  mixed  juice  is 
109.76  —  20  =  89.76  per  100  cane.  A  similar  calculation  for  the 
canes  containing  12%  of  fibre  gives  the  weight  of  mixed  juice  as 
95.62,  and  the  weight  of  bagasse  as  24  per  100  cane.  The  amount 
of  sugar  in  the  mixed  juices  is  in  both  cases  the  same ;  let  the 
mixed  juice  from  the  canes  with  10%  of  fibre  be  16  Brix;  then 

89  76 

that  from  the  canes  with  12%  of  fibre  will  be   ic  x  —  =  is.o. 
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A  comparison  of  the  results  to  be  obtained  fiom  the  two  types  of 
canes  stands  as  below : 


Fibre 


lO 


Weight  of  mixed     |     Brix  of  mixed    Weight  of  bajfasse        c-vim^^ii^i 
juice  per  100  cane  !uice  per  loo  cane        '     cxiratiion 


89.76  16  20       '95 


12  95.62  15  24  95 

In  so  far  as  regards  the  fuel  economy  I  calcualte  as  under.  To 
concentrate  100  parts  of  juice  at  16  Brix  to  55  Brix  entails  an 
evaportion  of  70.90%  on  the  weight  of  the  juice.  .907X89.76= 
63.64,  and  if  this  is  treated  at  quadruple  effect  it  is  equivalent  to 
the  evaporation  at  single  effect  of  15.91  water  per  100  cane. 
The  whole  concentration  to  massecuite  at  95  Brix  entails  the 
evaporation  of  83.16%  of  the  weight  of  the  mixed  juice;  .8316X 
89.76=74.64,  so  that  74.64 — 63.64=^11.00  is  done  at  single  effect 
in  the  pans.  The  whole  evaporation  referred  to  single  effect  'vill 
in  this  case  be  represented  by  the  figure  15.91-1-11.00=26.91. 
A  similar  calculation  for  the  canes  containing  12%  of  fibre  gives 
the  total  evaporation  as  represented  by  28.13.  A  greater  con- 
sumption of  steam  is  then  required  for  an  equal  weight  of  sugar 
when  the  fibre  increases,  but  on  the  other  hand  there  is  a  very 
much  greater  quantity  of  bagasse  to  afford  fuel. 

The  calculation  made  immediately  above  supposes  ideal  condi- 
tions, such  as  are  never  reached  in  practice,  and  may  lead  to  the 
idea  that  it  is  my  contention  th<*t  canes  of  a  high  fibre  content  are 
more  suited  for  factory  work,  owing  to  increased  amount  of  fuel 
obtained,  than  those  with  a  lower  fibre  content.  Instead  of  as- 
suming that  the  water  works  at  its  maximum  efficiency,  let  it 
only  extract  half  the  amount  of  sugar  that  it  obtained  according 
to  the  calculation  above.      The  extractions  in  the  two  cases  now 

appear : 

r-i  5.99 

io7o   nure ;    89.01  -\ =  92.00 

2 

9  18 

12%  fibre;    8->.82  -f  -^ —  ^-  90.41 
2 

an(f  the  result  is  very  different  to  what  was  obtained  when  idea] 

conditions  of  working  were  assumed. 
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A  point  of  very  considerable  importance,  and  upon  which  this 
scheme  of  calculation  bears  is  the  trash  which  in  greater  or  lesser 
amount  accompanies  the  cane  to  tlie  mill ;  in  the  calculation  above 
it  was  shown  that  2%  more  fibre  in  the  cane  had  the  effect  of 
practically  doubling  the  amount  of  water  required  to  bring  the 
extraction  up  to  95%,  and  that  with  imperfect  admixture  the  ex- 
traction obtained  with  the  canes  with  high  fibre  was  even  with 
this  quantity  of  water  much  lower  than  that  obtained  under  equal 
conditions  with  canes  of  low  fibre. 

Solar  evaporation. 

A  pro])lem  similar  to  the  above,  but  leading  to  a  different  con- 
clusion, arises  in  the  system  of  artificially  ripening  canes  by  the 
withholding  of  the  irrigation  water  for  a  perio<l  of  about  three 
months  previous  to  harvest ;  the  result  of  this  practice  is,  I  take 
for  this  occasion,  merely  an  evaporation  of  a  part  of  the  water 
contained  in  the  cane,  but  little  sugar  being  formed,  the  solution 
of  that  already  present  being  concentrated. 

Ilefore  the  withholding  of  the  irrigation  water  let  there  be  100 
tons  of  cane  containing  10%  of  fibre,  14%  of  solids,  and  76%  of 
water ;  let  a  process  of  solar  evaporation  continue  until  sufiicient 
water  has  been  removed  to  raise  the  fibre  to  12%,  the  absolute 
weight  of  all  the  materials  other  than  the  water  remaining  the 
same;  then  the  weight  of  cane  will  be  reduced  to  83.33  tons  and 
the  percentage  of  solids  will  rise  to  16.8%.  Now  let  the  canes 
as  they  exist  before  and  after  the  ripening  process  be  treated  by 
a  single  maceration  process  so  as  to  obtain  an  extraction  of  ()^*^/< , 
from  calculations  similar  to  those  already  detailed,  the  results  of 
tlie  processes  will  appear  as  under : 


ratic 

Fibre  «>.o 
ill  caiif 

Weight  of 
mixed  juice 

Wei  Kill  oi 
bagasse 

Water 
added 

\\v\\  of  mixed 
juice 

Kxtn 

titti 

100 

10 

89.76 

20 

9.76 

14.6 

95 

83.33 

12 

79.65 

20 

16.34 

16.5 

95 

the  practical  advantage  of  doing  a  portion  of  the  evaporation  in 
the  field  being  very  pronounced.  A  further  advantage,  which  is 
not  wrought  out  in  the  calculation,  is  the  less  weight  of  cane  that 
has  to  be  cut  and  transported. 
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TABLE   I. 

Showing  the  extraction  per  loo  sucrose  in  cane,  calculated  from 
the  formula: 

.  m  —  f  ,  xw  , 

Extraction  =    loo  x  ;  results  heme:  mcreased  x%  to  al- 

m  (1  -  f)  '  ^  ^^ 

low  for  decreased  sugar  value  of  residual  juices;  bagasse  con- 
taining 45%  of  fibre. 


Fibre  in  Cane.                ' 

Extraction. 

lO. 

89.01 

10.5 

88.23 

II. 

87.42 

II-5 

86.64 

12. 

85.82 

12.5 

85.00 

13- 

84.17 

13-5 

8334 

14- 

82.50 

TABLE  II. 

Showing  the  maximum  extraction  to  be  obtained  with  single 
maceration,  with  complete  admixture  of  added  water ;  dry  crushed 
bagasse  containing  45%  fibre,  and  saturated  crushed  bagasse  con- 
taining 50%  fibre. 

Extraction  due  to  saturation  in  upper,  and  total  extraction  in 
lower,  line. 
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TABLE  III. 

Showing  the  maximum  extraction  to  be  obtained  with  double 
maceration  with  complete  admixture  of  added  water ;  dry  crushed 
bagasse  containing  45%  fibre  and  saturated  crushed  bagasse  con- 
taining 50%  fibre. 

Extraction  due  to  saturation  in  upper,  and  total  extraction  in 
lower,  line. 


Fibre  per 

Water  added 

per  100  cane 

100  cane 

20 

30 

40 

50 

10. 

8.51 

9-37 

985 

10.15 

97-52 

98-38 

98.86 

99.16 

.0.5 

9.00 

9-94 

10.47 

10.80 

97-23 

98.17 

98.70 

99-03 

11. 

9-49 

10.52 

11.11 

11.48 

96.91 

97-94 

98.53 

98.90 

'1-5 

9-94 

11.06 

11.71 

12.12 

96.58 

97.70      ;     98.35 

98.76 

12. 

10.42 

11.63       1      12.34 

12.79 

96.24 

97.45       1      98.16 

98.61 

12.5 

10.88 

12.19       ,      12.95 

13-45 

95-88 

97.19            97.95 

98.45 

13- 

11-33 

12.74       '      13-57 

14.11 

9550 

96.91            97.74 

98.28 

13-5 

11.78 

13.28            14.18 

14.66 

95-12 

96.62       '     97.52 

98.00 

'4- 

12.23 

13.82       '      14.78 

15-41 

94-73 

96.32            97.28 

97.91 

' 

rABLE  1\ 

(jiving  the  density  of  last  mill  juice  in  a  single  maceration  pro- 
cess with  complete  admixture ;  the  dry  crushed  bagasse  containing 
45%  of  fibre,  and  cane  containing  12%  of  fibre. 
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TABLE  V. 


Givirg,  for  a  single  maceration  process,  the  density  of  mixed 
juice  and  dilution  per  cent,  on  normal  juice  for  canes  containing 
12%  fibre,  dry  crushed  bagasse  containing  45%  fibre,  and  satur- 
ated crushed  bagasse  50%  fibre,  and  normal  juice  containing  18% 
of  solids. 


Added 

Density 

Dilution 

water  %  on  cane,    i 

mixed  juice. 

%  on  normal  juice 

lo- 

16.92 

6.38 

15                  j 

16.23 

10.90 

20                  1 

15-55 

1575 

25 

14.89 

20.88 

30 

14.27 

26.14 

35 

13.69 

3149 

40 

1315 

36.88 

45                  I 

12.65 

42.29 

50 

12.18 

47.78 

Digitized  by 


Google 


Digitized  by 


Google 


Digitized  by 


Google 


Digitized  by 


Google 


!_'  f--  -  »r.  1- 


Digitized  by 


Google       ij; 


-^--^: 


DIVISION  OF  AGRICULTURC  AND  CHCMC8TRY  BULLCTIN  NO.  23 


REPORT  OF  WORK 
OF  THE 

EXPERIMENT   STATION 

OF  THE 
HAWAIIAN   SUGAR   PLANTERS'   ASSOCIATION 


Use  of  Formaldehyde  Solution 
In  Sugar  Mil 


BY   R.  S.  NORRIS 


HONOLULU.  T.  H. 
FEBRUARY   19,   1906 


Digitized  by 


Google 


HAWAIIAN  SUGAR  PLANTERS'  ASSOCIATION 
OFHCERS  AND  TRUSTEES  FOR  J908 

F.  A.  ScHAEFEB President 

S.  M.  Damon Vice  President 

W.  O.  Smith Secretary-Treasurer 

Geo.  H.  Robertson Auditor 

E.  D.  Tenney n.  P.  Baldwin 

W.  Pfotenhauer E.  F.  Bishop 

Wm.  G.  Irwin F.  M.  Swaxzy 


EXPERIMENT  STATION  COMMITTEE 

J.  P.  Cooke,  Chairman 
Geo.  H.  Robertson  W.  M.  Giffard 

W.  Pfotenhauer  J.  W.  Waldron 

Geo.  F.  Davies  R.  D.  Mead 

EXPERIMENT  STATION  STAFF 

DIVISION  OF  ACRICULTURC  AND  CHEMISTRY 

C.  F.  Eckart Director 

Noel   Deerr Assistant  Director 

S.  S.  Peck Assistant  Chemist 

R.  S.  Norris Assistant  Chemist 

F.  R.  Werthmueller Assistant  Chemist 

A.  E.  Jordan Assistant  Chemist 

W.  E.  Burke Assistant  Chemist 

E.  G.  Clarke Agriculturist 

T.  Lougher Field  Foreman 

J.  H.  Wale Sub-station  Assistant 

DIVISION  OF  CNTOMOLOQY 

R.  C.  L,  Perkins Director 

A.    Koebele Consulting  Entomologist 

Alex.   Craw Consulting  Entomologist 

G.  W.  Kirkaldy Assistant  Entomologist 

F.  W.  Terry Assistant  Entomologist 

Otto  H.  Swezey Assistant  Entomologist 

F.    Muir Assistant  Entomologist 

DIVISION  OF  PATHOLOQY  AND  PHYSIOLOGY 

J..  Lewton-Brain Director 

H.  L.  Lyon Assistant  Pathologist 

QCNCRAL 

W.  E.  Chambers Illustrator 

G.  H.  Tuttle Cashier 


Digitized  by 


Google 


DIVISION  OF  AGRICULTURE  AND  CHCME8TRY  BULLETIN  NO.  23 


REPORT  OF  WORK 
OF  THE 

EXPERIMENT   STATION 

OF  THE 
HAWAIIAN  SUGAR    PLANTERS'   ASSOCIATION 


Use  of  Formaldehyde  Solution 
In  Sugar  Mills 


BY   R.  S.  NORRIS 


HONOLULU,  T.  H. 
FEBRUARY  19.   1906 


Digitized  by 


Google 


'"^  APR  101908  . 


Digitized  by 


Google 


LETTER  OF  TRANSMITTAL. 


To  the  ExperinuMit  Station  Committee  of  the  Hawaiian  Sugar 
Planters'  Association,  Honolulu,  T.  H. 

Dear  Sirs: — I,  herewith,  submit  for  publication  as  Bulletin 
Xo.  24  of  the  Division  of  Agriculture  and  Chemistrv  an  article 
entitled:  **The  Deterioration  of  Sugars  on  Storage."  This 
article  has  bt^en  prepared  by  ^Ir.  Xoel  Deerr  and  Dr.  R.  S. 
Norris. 

Yours  very  truly, 

C.  F.  E(^KART, 
Director,  Division  of  Agriculture  and  Chemistry. 

Honolulu,  Hawaii,  February  7th,  1908. 
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THE  DETERIORATION  OF  SUGARS  ON  STORAGE. 


By  Xoel  Deerr  and  R.  S.  Norris. 

Jlie  question  of  the  deterioration  of  sugars  on  storage  is  one 
that  has  been  much  studied  in  both  the  cane  and  beet  sugar 
industry.  Since  sugars  here  are  often  stored  over  lengthy 
periods,  and  also  are  frequently  as  much  as  180  days  in  transit 
round  the  Horn  to  New  York,  ihis  subject  is  one  of  peculiar 
interest  to  the  industry  in  these  islands. 

To  obtain  inforraatioii  on  the  causes  of  deterioration  the  mat- 
ter has  been  studied  at  the  Station,  and  the  results  of  the  in- 
vestigation are  included  in  the  present  Bulletin. 

The  scheme  of  work  outlined  at  the  inception  of  the  investi- 
gation was  as  follows: 

A  number  of  sugars  of  known  origin  were  to  be  obtained  and 
analyzed  on  receipt;  the  analysis  was  to  be  repeated  after  in- 
tervals of  two  months  and  four  months;  from  the  analysis  we 
hoped  to  obtain  information  correlating  the  composition  of 
sufrars  with  their  keeping  qualities.  At  the  same  time  deter- 
minations of  the  number  of  organisms  in  the  sugars  examined 
WL-re  made. 

To  this  end  the  following  letter  was  addressed  to  all  the  plan- 
tations subscribing  to  this  Association: 

'^It  is  the  object  of  the  Division  of  Agriculture  and  T'liemis- 
try  to  take  up  the  question  of  the  causes  tending  towards  a 
(Irtc  rioration  of  sugar  on  storage.  The  Station  will  be  much 
obliged  if  you  will  let  us  have  average  samples  of  about  one-half 
pound  each  of  s\igars,  both  first  product  and  second  product  in 
case  two  classes  are  shipped.  Would  you  also  supply  the  follow- 
inc:  information  on  the  following  points: 

•"1.     The  degree  of  alkalinity  to  which  juices  are  limed. 

"2.  Is  the  sugar  washed  in  the  centrifugals,  and  if  so,  the 
.«^)iiree  of  the  water? 

*'8.     Is  the  sugar  dried  ? 

*'Any  further  information  bearing  on  the  subject  that  you 
can  give  wmH  be  much  appreciated." 

Tn  all  we  received  replies  from  20  factories,  covering  45 
samples  of  sugar. 
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Practically  all  these  sugars  were  made  from  juices  limed  to 
neutrality,  or  to  slight  alkalinity. 

Thirteen  of  the  sugars  were  washed  with  water  in  the  cen- 
trifugals, not  including  four  sugars  where  it  was  stated  enough 
water  was  used  to  wash  down  the  spindles. 

Seven  of  the  sugars  had  l>een  passed  through  a  Hersey  drier. 

The  determinations  made  on  the  sugars  were, — 
Polarization. 
Sucrose  (Glerget)  % 
Glucose  % 
Moisture  % 
Ash  % 
Chlorine  % 

Xumher  of  organisms  per  gram. 
Acidity. 
Previous  worh, 

Claassen^  states: 

**Tt  is  also  a  requisite  of  good  raw  sugar  that  it  does  not 
undergo  change  in  storage.  This  is  the  case  when  the  sugar 
shows  an  alkaline  reaction  with  phenolphthalein,  and  when  it 
is  free  from  the  germs  that  cause  sugar  to  invert,  and  also  free 
from  easily  decomposahle  non-sugars." 

He  also  states  that  a  raw  sugar  with  an  adhering  layer  of 
supersaturated  molasses  keeps  well  if  the  layer  remains  super- 
saturated, as  in  this  case  bacteria  cannot  develop;  if  the  sugar 
is  kept  in  places  where  moisture  can  be  absorbed  there  is  danger 
of  deterioration. 

To  sugars  manufactured  with  sulphurous  acid  he  ascribes  en- 
hanced keeping  qualities,  due  to  the  antiseptic  properties  of 
this  substance.  He  calls  attention  to  the  danger  of  bagging 
sugar  while  still  warm,  ascribing  the  deterioration  then  ob- 
served to  the  oxidization  of  organic  non-sugars. 

Strohmer^  found  alkaline  sugars  kept  longest,  and  recom- 
mends an  alkalinity  in  the  sugar  of  not  less  than  .083^  lime. 

Von  Lippmann^  also  finds  that  sugars  alkaline  to  phenolph- 
thalein undergo  no  change.  On  the  other  hand,  Herzfeld* 
states  that  alkalinity  is  no  criterion  of  the  keeping  qualities  of 
sugar,  and  Koydl^  claims  that  an  excessive  alkalinity  increast^ 
the  rate  at  which  sujjars  deteriorate,  and  suggests  that  this  is 
due  to  the  action  of  lime  on  reducing  sugars. 
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Pekalharing^  shows  that  the  inversion  of  sugars  on  storage 
is  not  due  to  the  salts  contained  in  the  sugars,  and  suggests  the 
rlet<^^rioration  is  due  to  organisms  introduced  with  the  hags. 

Grieg  Smith'  has  studied  the  suhjeet  in  Australia  from  a 
bacteriological  standpoint,  and  ascribes  the  deterioration  of 
>n<^ars  to  a  specific  organism  which  he  has  named  Bacillus 
leraniforman^.  He  found  this  organism  constantly  associated 
with  deteriorated  sugars,  and  also  in  raw  cane  juice.  The 
organism  was  also  found  in  sugars  from  Demerara,  Mauritius, 
Peru,  Eg\'pt,  Java,  Germany,  Russia,  France,  Fiji,  so  that  it 
has  a  truly  cosmopolitan  distribution.  He  gives  the  optimum 
TcMnperature  for  its  growth  as  37"  (\  (OO.T)  F. ),  and  con- 
cludes— "In  view  of  this  faculty  of  growing  in  poor  media,  and 
of  the  fact  that  an  inversion  of  sugar  accompanies  the  growth, 
there  can  be  no  doubt  that  it  is  alone  respcmsible  for  the  inver- 
sion of  crystals  in  bulk,  and  that  the  chief  condition  for  it-^ 
,  crrowth  is  a  more  or  less  moist  state  of  the  sugar,  and  a  warm 
temperature." 

Shorey'*  states  that  alkalinit*'  of  sugars  is  not  a  cause  of  their 
keeping,  and  that  high  moisture  is  not  a  cause  of  their  deteriora- 
tion ;  he  attributes  inversion  to  the  presence  of  the  organism 
Penecillium  glaucum,  and  believes  that  it  is  drawm  into  the 
sugars  along  with  the  current  of  air  in  the  centrifugals.  Tie 
recommends  that  in  the  curing  of  sugars  dry  steam  be  admitted 
to  the  baskets.  Grieg  Smith^  objects  to  the  conclusion  of  Shorey 
thnt  the  inversion  of  the  sugars  was  not  caused  by  b'lcterip,  be- 
cause he  (Shorey)  made  no  search  for  bacteria,  and  "his  re- 
marks ab<uit  the  Hawaiian  sugars  would  apply  ecjually  to  fiiese 
.\ustralian  samples,"  which  were  known  to  contain  inverting 
bacteria. 

Watts^  calls  attention  to  a  rise  in  the  polarization  of  mus- 
covado sugars  on  storage,  followed  by  a  fall  in  the  polarizatioi  , 
and  in  a  suKsequent  paper^^  in  connection  with  Tempany  attril)- 
utes  the  rise  to  the  selective  action  of  certain  organisms  for  the 
levulose  present,  the  subsequent  fall  becoming  apparent  when 
the  destruction  of  the  dextrose  and  cane  sugar  begins. 

The  question  of  deterioration  of  sugnrs  was  very  prominent 
in  these  Islands  in  1897. 
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Dr.  Maxwell^*  the  then  Director  of  this  Station,  attributed 
the  deterioration  to  fermentation,  and  laid  great  stress  on  the 
necessity  of  working  with  verv  alkaline  juices  and  obtaining 
alkaline  products,  and  traced  a  greater  deterioration  when  low 
sugars  were  returned  than  when  ** straight'*  first  sugars  were 
made.  The  source  of  infection  he  thought  was  the  vessel  con- 
taining the  low  grade  massecuite.  Shorey  was  at  issue  with 
Dr.  Maxwell  on  many  points,  esi>ecially  with  regard  to  the  re- 
turn of  low  sugars  and  alkalinity.  He  also  regarded  fermenta- 
tion as  the  cause  of  this  deterioration,  but  considered  the  cen- 
trifugals the  source  of  infection,  the  organism  affecting  the 
change  being  drawn  into  the  sugar  along  with  a  current  of  air; 
he  obtained  good  results  by  steaming  the  sugars  in  the  baskets, 
nud  laid  great  stress  on  the  necessity  of  shipping  dry  sugars. 

Mr.  J.  N.  S.  Williams  at  the  last  meeting  (1907)  of  the 
Planters'  Association,  called  attention  to  the  "sweating  of 
sugars,"  i.  e.,  to  the  absorption  and  exudation  of  moisture  by 
stored  sugars,  and  was  inclined  to  attribute  this  behaviour  to 
climatic  influences,  and  to  the  position  of  the  warehouses. 

In  the  pages  that  follow,  these  points  and  others  are  dis- 
cussed in  connection  with  the  analyses  that  we  have  made. 

For  easy  reference  the  polarization  of  the  sugars  as  received 
and  at  intervals  of  two  months  and  four  months  are  brought 
together  l>elow  in  Table  1 ;  those  sugars  which  retained  their 
polarization  being  separated  from  those  which  did  not.  In 
this  table  is  also  included  the  results  of  the  determination  of  tne 
nuusture  in  the  different  sugars,  and  of  the  determination  of 
the  numb(»r  of  micro-organisms  found. 
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Ciinneriion  hctwecn  moisture  in  siufars  and  keeping  qualities, 

Uofcrriiig  to  the  tabulated  resiilts  a  eoimection  between  mois- 
ture and  keeping  (pialities  of  the  sugars  in  evident. 

Tlie  average  i)ereentage  of  moisture  in  the  sugars  whicii 
deteriorated  is  1.49,  and  in  those  whieh  retained  their  polariza- 
tion is  1.02  ;  this  result  points  to  the  advisability  of  reducing  the 
moisture  to  as  low  a  figure  as  is  possible ;  at  the  same  time,  a  low 
content  of  moisture  in  a  sugar  does  not  always  mean  that  the 
sugar  Avill  retain  its  polarization  on  keeping,  as  amongst  the 
sugars  tliat  have  deteriorated  are  two,  13  A  A  and  24  A,  which 
have  less  than  1  /^  of  moisture,  but  notwithstanding  it  is  evi- 
dent that  a  connection  l)etween  deterioration  and  high  moisture 
does  exist.  The  value  of  a  low  content  of  moisture,  in  this  m- 
stance  obtained  by  drying  the  sugars  in  a  Hersey  drier,  is  illus- 
trated in  a  very  vivid  manner  in  the  sugars  86  A  and  36  B. 
These  sugars  had  a  verv  low  |>ercentage  of  water,  .69%  and 
.^ylYf  respectively,  and  contained  at  the  same  time  a  relatively 
enormous  numl>er  of  organisms,  which,  owing  to  the  dryness 
of  the  sugars  w^ere  unable  to  develop  and  thus  cause  a  fall  in 
polarization.  These  sugars  came  from  a  factory  which  had  at 
one  time  great  trouble  with  deterioration,  which  after  the  in- 
stallation of  a  drier  disappeared.  When  these  sugars  were 
allowed  to  become  wet  by  standing  in  a  moist  atmosphere  a  very 
rapid  fall  in  polarization  was  observed. 
- 1  cidity, 

Xone  of  the  sugars  tliat  we  examined  were  alkaline,  but  all 
as  determined  by  the  use  of  phenolj)hthalein  showed  an  acid 
reaction.  The  method  of  detennining  the  acidity  was  as  fol- 
lows : 

Five  grams  of  the  sugar  were  dissolved  in  50  c.  c.  of  water, 
and  titrated  with  a  1-10  normal  solution  of  standard  alkali  un- 
til a  distinct  red  coloration  was  given  by  phenolphthalein. 
Owing  to  the  coloring  matter  present  in  the  sugars  the  deter- 
mination can  lay  no  great  claims  to  extreme  accuracy.  Below 
in  Table  TT  are  given  the  results,  the  sugars  being  divided  into 
those  that  retained  and  those  that  did  not  retain  their  polariza- 
tion. The  figures  expressing  the  acidity  are  the  number  of 
cubic  centimeters  of  tenth-normal  alkali  required  to  neutralize 
the  acid  in  the  5  grams  of  sugar.  On  inspection  it  will  be  seen 
that  no  connection  between  the  acidity  of  the  sugars  and  their 
keeping  qualities  is  to  be  found. 
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Sugars  which             ; 

SUGARS  WHICH  RETAINeD  THEIR 

Deteriorated             | 

POLARIZATION 

Reference  No. 

Acidity 

Reference  Number                               Acidity 

i?A 

•7 

20 

5 

13  AA 

3      ' 

6 

3 

2  A 

6      , 

17 

^ 

2B 

8 

5A 

4 

21 

3 

5B 

4 

24  A 

5 

7A 

4 

>9 

5      , 

12  Washed 

3 

12  First 

4 

36  A 

4 

23  A 

<: 

36  B 

5 

23  B 

I 

2    1 

39  A 

5 

^7  A 

5 

39  B 

4 

37  B 

9 

43 

3 

33  A 

7 

30 

5 

7  AA 

6      , 

15  Syrup 

2 

Average 

59    . 

16  Syrup  and  Molasses 

2 

1 

45 

4 

25 

4 

I 

9 

33  AD                                           I 

2 

1 

41  A 

9 

41  B                                              I 

.1 

27  A 

4 

27  B                                              I 

.6 

9 

4 

34 

•7 

4 

1 

8 

Average 

■57 

Bactenolofjical  examination  of  the  sugars. 

At  the  inception  of  this  study  the  following  scheme  was 
mapped  out :  A  count  was  to  be  made  of  the  number  of  organ- 
isms in  each  sugar  as  it  arrived,  at  an  interval  of  two  months, 
and  again  at  an  interval  of  four  months,  at  the  same  time 
polarizations  of  the  sugars  were  to  be  made,  and  it  was  in  this 
way  hoped  to  correlate  a  large  number  of  organisms  with  a  fall 
in  the  polarization  of  the  sugars. 
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The  method  used  to  obtain  the  inimber  of  organisms  in  a 
sugar  was  as  follows:  A  quantity  of  the  sugar  (we  found  that 
.25  gram  was  a  convenient  amount)  was  weighed  out  onto  a 
square  of  sterile  paper,  and  transferred  to  a  tube  of  sterile 
nutrient  agar,  the  temperature  of  which  was  from  45°  to  50^  C ; 
the  sugar  was  allowed  to  dissolve,  and  after  solution  the  contents 
of  the  tube  poured  into  a  sterile  Petrie  dish,  the  usual  precau- 
tions to  prevent  accidental  contamination  being  scrupulously 
followed.  At  first  organisms  in  these  plates  were  allow^ed  to 
develop  at  room  temperature,  and  later,  as  the  weather  became 
colder,  in  an  incubator  at  30°  C.  After  48  hours  the  number 
of  organisms  which  developed  into  colonies  were  counted;  the 
results  of  this  test  are  set  out  in  the  annexed  table,  which  also 
included  the  p>olarizations  of  the  sugars  at  the  same  time.  The 
nutrient  medium  we  used  in  these  determinations  was  that 
recommended  by  Grieg  Smith,  and  was  of  composition — Agar 
Agar  1.5%,  Sugar  10%,  Potassium  chloride  .5%,  Sodium 
Phosphate  .2%,  Peptone  .1%. 

In  making  determinations  in  duplicate  it  w^as  found  that 
agreement  between  any  tw^o  was  not  as  close  as  could  be  wished ; 
for  example,  in  duplicate  experiments  we  might  find  the  num- 
l)er  of  organisms  per  gram  varying  from  20  to  50,  and  no  great 
reliance  must  be  placed  on  the  numbers  actually  entered  up; 
we  have  entered  the  numbers  up  as  we  found  them,  where  dupli- 
cates were  made  entering  up  the  mean  of  the  observations; 
actually  in  w^ork  of  this  sort  w^e  think  expressions  as  between 
100  and  200  is  as  close  a  determination  as  the  conditions  of  the 
experiment  allows. 

In  carrying  on  this  work  we  received  much  advice  and  assist- 
ance from  ^Ir.  L.  Lewton-Brain,  Director  of  the  Division  of 
Pathology  and  Physiology  of  this  Station. 

Varieties  of  organisms  found. 

The  colonies  in  each  plate  culture  made  w^ere  subjected  to 
a  microscopical  examination,  and  a  preliminary  classification 
of  the  organisms  made.  Five  organisms  capable  of  differenti- 
ation by  microscoj)ical  examination  w^ere  of  frequent  occur- 
rence: 

1.  Rods  wn'th  terminal  spores  associated  with  a  surface 
amoeboid  growth  on  the  agar  plates. 
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2.  A  pear  shaped  organism  exceedingly  granular,  associated 
with  raised;  smooth  and  slimy  colonies. 

n.  A  short  thick  spore  forming  rod  generally  occurring  in 
pairs,  and  less  frequently  in  chains  up  to  seven,  the  refractive 
sj>ore  causing  the  })air  of  organisms  to  simulate  the  appearance 
of  an  organism  with  two  spores. 

4.  A  very  small  rod  shaped  organism  only  distinctly  visible 
with  very  careful  focusing,  associated  with  a  smooth  raised 
growth  on  the  agar  plates. 

o.    Yeasts. 

It  is  intended  to  carry  on  the  further  study  of  these  organ- 
isms in  pure  culture. 

For  the  present  we  may  say  with  reserve  that  we  have  not 
positively  identified  any  of  the  organisms  found  with  the  Bacil- 
lus leraniformwus  of  Grieg  Smith. 

Connection  between  deterioration  of  sugaj^s  and  bacterial 
activity. 

In  Table  I  are  given  results  of  the  polarizations  at  diflfcrent 

periods,  and  of  the  counts  of  the  number  of  organisms  present. 

The  first  fourteen  sugars  entered  up  are  those  which  have 

fallen  in  polarization.     In  these  fourteen  are  ten  where  the 

number  of  organisms  has  increased  to  infinity,  and  in  these 

^be  deterioration  of  the  sugars  may  ])ro])erly  be  attributed  to 

^bo  activity    of    the    organisms    present.     In     Xo.    21,     the 

^Pfjanisms  increased  at  the  end  of  the  second  month  to  2000, 

after  which   they  decreased   in   number.       In  three  instances 

">  which  the  sugars  deteriorated  markedly,  there  was  no  in- 

^reane  in  the  number  of  organisms  to  account  for  the  fall  in 

^he  polarization.     These  sugars  are  2  A,  2  B,  and  23  A.     The 

^'".^ar  23  A  was  most  carefully  examined,  and  ])lates  of  nutrient 

J^^T  infected  with  this  sugar  were  inocnlated  at  temperatures 

^\  Si}^C  and  38^C,  all  the  determinations  leading  to  the 

^"'^  mult. 

j  the  sugars  where  deterioration  might  reasonably  be 
^^U)od  to  bacterial  activity  the  organism  mOvSt  frequently 
*H*curi.ij^^  was  the  one  we  have  referred  to  above  as  Xo.  1,  which 
^ciirred  alone  or  in  combination  with  the  other  forms  in  eleven 
^i  the  sugars  which  have  deteriorated ;  the  other  organism  of 
n\ost  frequent  occurrence  was  the  form  which  we  have  tem- 
I>^i'arily  designated  Xo.  2.     Amongst  the  sugars  which  have  not 
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deteriorated  we  particularly  call  attention  to  36  A,  36  B  and 
39  B,  notable  for  the  large  number  of  organisms  present 
These  sugars  did  not  deteriorate,  and  this  we  think  attributable 
to  the  low  water  content  of  the  material,  and  illustrates  the 
benefits  to  be  obtained  by  producing  a  dry  article. 

Actually  we  think  the  results  of  these  determinations  allow 
us  to  say: 

1.  That  generally  deterioration  of  sugars  can  be  connected 
with  bacterial  activity. 

2.  That,  however,  cases  occur  when  sugars  deteriorate  ex- 
cessively and  in  which  the  deterioration  can  not  be  attributed 
to  bacterial  activitv  as  illustrated  by  the  sugars  2  A,  2  B,  and 
23  A. 

3.  That  sugars  containing  a  large  number  of  organisms  re- 
tain their  polarization  provided  they  contain  but  little  water. 

Effect  of  sterilization  on  sugars. 

To  demonstrate  the  deteriorating  action  of  micro-organisms 
on  sugars  when  kept  in  unfavorable  conditions,  the  following 
experiment  was  performed: 

A  quantity  of  sugar  was  filled  into  wide  mouthed  Erlen- 
meyer  flasks,  and  to  this  was  added,  drop  by  drop,  so  rs 
to  obtain  a  uniform  distribution,  a  solution  of  the  sugar  24  B, 
which  we  knew  to  he  infected  with  micro-organisms.  Three 
of  these  flasks  were  then  submitted  to  fractional  sterilization 
at  100^  C.  for  a  period  of  20  minutes  on  three  successive  days. 
A  fourth  flask  receivd  no  sterilization.  These  flasks,  all  plugged 
with  cotton  wool,  were  then  placed  over  a  flat  dish  containing 
water,  and  covered  with  a  bell  jar;  a  fifth  flask,  containing 
unsterilized,  infected  sugar  was  placed  in  a  similar  position, 
the  water  being  replaced  by  a  40%  solution  of  formaldehyde. 

The  polarization  of  these  sugars  was  taken  at  the  beginning 
of  the  experiment,  and  after  the  expiration  of  45  days.  The 
following  results  were  obtained,  the  polarization  l)eing  referred 
to  dry  weight.  The  amount  of  water  absorbed  by  the  difl^erent 
sugars  averaged  about  five  per  cent. 
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Sterilized  sugar 

(4  t  C 

4«  t  ( 

Not  Sterilized 

Not  Sterilized,  over  formaldehyde 


A  very  large  fall  in  the  polarization  of  the  infected  and  not 
sterilized  sngar  is  noted,  and  a  smaller  one  in  the  sugars  that 
had  been  sterilized,  the  sugar  in  the  presence  of  fonnaldehyde 
r(»niaining  stationery. 

These  sugars  were  inoculated  into  nutrient  agar  when  it  was 
found  that  the  sterilization  had  not  been  sufficient  to  destroy  the 
organisms  originally  present;  in  these  sugars  there  were  foimd 
after  4.*)  days  about  ']0()  organisms  i)er  gram ;  in  the  unsterilized 
sugar  a  very  large  number;  the  sugar  exposed  to  formaldehyde 
Inking  quite  sterile. 

Deiormlnai'um  of  ihe  amonni  of  uytler  at  which  deterioration 
begins. 

In  order  to  determine  the  percentage  of  water  which  it  is 
!=?afe  to  leave  in  sugars,  the  following  ex])eriment  was  made: 

A  good  quality  of  raw  sugar  was  infected  with  a  small  quan- 
tity of  the  sugar  24  B,  which  we  knew  contained  large  qiianti- 
ries  of  organisms  which  we  had  connected  with  deteriorations. 
The  infected  sugar  was  allowed  to  become  very  moist,  and  por- 
tions of  it,  after  thorough  and  complete  mixing  were  partially 
dried  in  vacuo  over  sulphuric  acid,  so  that  there  was  obtain  a  se- 
ries of  sugars  of  the  same  quality,  with  the  moisture  increasing 
in  steps  from  .29%  to  1.8()%.  These  sugars  were  placed  in 
tightly  closed  bottles  and  allowed  to  stand  for  a  month. 

This  experiment  was  performed  during  the  winter  months, 
and  an  incubator  not  being  at  first  available,  the  tem])erature 
in  the  l)ox  containing  the  sugars  was  maintained  at  night  by 
means  of  a  4  c.  p.  incandescent  lamp;  the  temperature  varied 
l>etween  25°  C.  and  32°  C. 

The  sugars  were  kept  for  a  second  month  in  an  incubator  at 
a  temperature  of  85°  C 

The  following  results  were  obtained : 
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Per  cent  Water 

Initial 

Polarization 

1 

1             Polarization 

In  Sugars 

Polarization 

after  one  month 

1    vriai  t4bc%&iv^ii 

1        after  two  months 

.29 

96.8 

96.7 

96.7 

.40 

96.6 

96.6 

96.6 

•47 

968 

96.6 

96.6 

•59 

96.8 

966 

96.7 

.65 

964 

964 

96.6 

■74 

96.4 

964 

96.5 

.96 

96.1 

960 

96.0 

1.04 

960 

95-9 

95-7 

1.18 

960 

95.2 

95.2 

1.28 

95.8 

95.0 

95.0 

i.?6 

95.8 

95.0 

94-7 

1. 51 

95-5 

94  7 

94-5 

1.67 

95.6 

94.2 

94.1 

ISO 

95? 

938 

94.0 

1.86 

96.15 

94  4 

94.0 

The  polarizations  were  made  on  half  normal  weights  of  the 
sugars,  and  we  do  not  therefore  consider  slight  differences  iu 
the  polarizations  as  indicative  of  anv  change  in  the  sugars. 

A  distinct  fall  in  polarization  is  observed  when  the  water 
present  has  reached  1.04  yr.  In  the  sugars  which  we  examined 
from  various  plantations  fourteen  were  found  to  deteriorate 
on  keeping;  two  of  these  sugars  contained  less  than  1.04%  of 
moisture.  Of  the  sugars  that  retained  their  polarization  eleven 
contained  more  than  1.04  ^r  of  moisture,  seventeen  contained 
less.  The  corres{x)ndence  between  this  experiment  and  the 
actual  experience  with  the  sugars  is,  we  think,  satisfactory,  and 
as  a  result  we  think  we  are  justitied  in  suggestion  1%  of  water 
as  the  maximum  allowable  limit  in  raw  sugars  if  they  are  to 
l)e  stored  anv  lengtli  of  time.  We  do  not  of  course  say 
that  all  sugars  containing  not  more  than  1  %  of  moisture  will 
keej),  as  two  of  our  sugars,  13  A  and  24  A,  deteriorated,  both 
of  which  contained  less  than  1%  of  water;  nor,  on  the  other 
hand,  do  we  say  that  a  sugar  containing  more  than  1%  of 
water  Avill  deteriorate;  all  we  say  on  the  point  is  that  a  sugar 
containing  more  than  1%  of  moisture,  in  the  presence  of  organ- 
isms will  probably  deteriorate,  and  that  a  sugar  containing  less 
than  1%  of  moisture  will  in  all  probability  retain  its  polariza- 
tion. 
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Action  of  the  Mersey  Di%er, 

In  the  use  of  the  Hersey  drier  the  sugar  is  raised  to  an 
elevattnl  temperature,  and  we  thought  it  advisable  to  investigate 
the  action  of  this  elevation  of  the  temperature  on  the  bacterial 
content  of  sugars. 

We  were  informed  by  Mr.  C.  B.  Wells,  of  Wailuku  that  in 
the  TIersey  drier  there  used  the  sugar  remains  in  the  apparatus 
for  from  5  to  7  minutes,  and  that  the  temperature  varies  from 
1:50^  F.  to  160^  F. 

At  XiuJii,  Mr.  Robert  Hall  informs  us  sugar  stays  in  the 
Hersey  drier  IB  minutes,  and  reaches  a  temi)erature  of  125°  F. 

Three  sugars  were  exposed  in  a  thin  layer  to  a  temperature 
:>f  80^  C.  (170  F.)  for  ten  minutes,  thus  exaggerating  the 
effect  of  the  Ilersey  drier.  Inoculation  experiments  in  the  way 
already  described  were  tlien  made. 


No.  of  Orjfanlsms 
per  jjjam 
dried 


No,  of  Organisms 
per  gram 
not  dried 


32 
22 

34 


It  is  thus  seen  that  the  action  of  the  Ilersey  drier  has  no 
effect  whatever  on  decreasing  the  number  of  organisms  present, 
and  its  nsefid  effect  is  to  be  attributed  to  the  reduction  of  mois- 
ture in  tlie  sugars  to  such  an  extent  that  the  micro-organisms  to 
which  tlie  deterioration  of  sugai*s  may  be  attributed  cannot 
<lc*velo]).  Amongst  the  sugars  that  we  examined  were  seven 
that  had  [)assed  through  a  Ilersey  drier.  The  percentage  of 
moisture,  the  nund)er  of  organisms  per  gram  and  the  behaviour 
r»f  the  sugars  on  keeping  are  set  out  below. 


NO.  OK  ORGANISMS       ! 

1 

Water 

1    Two    ,' 

Four 

% 

Initially  '  jv,<,„,hs  | 

Months 

■JA 

■77 

24        252I 

224' 

Did  not  deteriorate 

5B 

.83 

161        352; 

96. 

n                  .« 

t$6A 

.69 

2CXX)'    2OO0I 

2000 

"                 .  i 

^6B 

•5' 

IIOOO  lOOOO 

3000 

<  (                 t  i 

Hc,A 

•SS 

44'     1 00] 

152^ 

( <                 It 

2B 

1.66 

I2i      68 

96 

Deteriorated 
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A 

5 

B 

:{» 

B 

2 

B 

:{« 

A 

o6 

B 

24 

A 

4:3 

1!) 

7 

A 

( 

B 

27 

B 

i:) 

A 

i;} 

AA 
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Connection  hetween  implied  sugars  an/J  deterioration. 

The  majority  of  the  sugars  examined  were  cured  withouJ  tiii* 
use  of  water  in  tlie  centrifugals.  The  following  were  washed 
with  w^ater  in  the  centrifugals : 

Mixed  condensed  and  well  water. 

Mixed  condensed  and  well  water. 

Flume  water. 

Rain  or  distilled  water. 

Rain  or  distilled  water. 

Stored  rain  water. 

Artesian  water. 

Enough  water  from  flume  to  wipe  down  spindles. 

Wet  rag  to  wipe  down  spindles. 

Wet  rag  to  wipe  down  spindles. 

Wet  rag  to  wipe  down  spindles. 

Artesian  water. 

Very  little  or  none. 
12  First     Pump  water. 
12  Washed     Pump  water. 
fl7  B       Gulch  water. 

Of  these  sugars  nine  are  included  amongst  those  which  lost 
in  polarization,  and  this  leads  to  a  conclusion  that  a  conntK'tion 
exists  iK^ween  the  water  used  in  washing  sugars  and  their  ten- 
d(»ncv  to  lose  in  ])olarization ;  amongst  the  washed  sugars  which 
retained  their  polarization  are  five  which  in  addition  to  wash- 
ing were  ])assed  through  the  llersev  drier,  and  were  thus 
brought  into  a  condition  suitable  for  long  keeping.  It  is  notable 
that  in  three  of  these  sugars  which  retained  their  polarization, 
— '](\  A,  .'36  B,  and  39  A,  a  very  large  numl)er  of  organisms  wert- 
found,  and  we  suggest  that  these  organisms  had  been  introduced 
along  with  the  water  used  to  wash  the  sugars,  the  damage  to 
the  sugars  not  being  developed  owing  to  the  subse<pient  drying. 
Washing  of  sugars  may  also  be  regarded  as  affording  a  ten- 
<lency  towards  a  loss  of  polarization  in  that  ow^ng  to  the  dilution 
of  the  molasses  attached  to  the  crystals  a  more  favorable  ine<li- 
um  is  afforded  for  the  growth  of  micnvorganisms  Hian  is  the 
case  if  the  film  of  molasses  be  more  dense;  this  point  has  been 
referred  to  in  the  references  already  quoted. 
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Siveating  of  Sugars. 

Indepeiidentlv  of  any  question  of  bacterial  deterioration  of 
sugars,  Mr.  J.  X.  S.  Williams  at  the  last  (1907)  meeting  of 
the  Plantei-s'  Association  called  attention  to  the  "sweating"  of 
sugars,  i.  e.,  to  the  absorption  and  exudation  of  moisture  by 
stored  sugars.  Mr.  Williams  was  inclined  to  attribute  this  be- 
haviour very  largely  to  climatic  conditions  and  to  the  j)08itions 
of  the  warehouses. 

Amount  of  nwisinre  absorbed  by  different  sucfars, 

WV  thought  it  would  be  advisable  to  actually  determine  the 
amount  of  water  that  the  sugars  wt  had  under  examination 
would  absorb  when  exposed  to  the  atmosphere  under  exactly 
(H]ual  conditions.     The  determination  was  made  as  follows: 

About  two  grams  of  the  sugars  were  placed  in  a  thin  layer 
and  dried  to  constant  weight  at  100°  C. ;  the  dishes  and  their 
contents  were  then  exposed  to  the  atmosphere  in  a  manner  so 
as  to  be  protected  from  the  visits  of  ants  and  other  insects;  after 
24  lionrs  the  dishes  and  their  contents  were  again  weighed.  Tn 
Table  TIT  below,  are  collected  the  amounts  of  water  absorbed 
in  2-lr  honrs  expressed  as  |>ercentages  on  the  dry  sugars. 
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TABLE  III, 


Reference 
No. 


LowChlorine 

Chlorine  " 
on  Suf^ar 


I3A 
I3AA 

20 

6 
21 
7A 
7AA 

3U 

33AD 

24A 

9 

3A 

3B 
12  Washed 
36A 
36B 
37A 
37  B 
30 

16  Syrup 
16  SyrupcS: 
molasses 

45 
41 A 

34 
19 

4  I 

Average      | 


trace 

.002 
.002 
.002 
.002 
.004 
trace 
002 
trace 


.002 
trace 

.cx)4 
trace 

004 
trace 
.004 
trace 
.002 
trace 


Moisture 
Absorbed  on 
exposure  to 
atmosphere 
for  24  hours 

1.27 
1.13 

.85 

.67 

•95 

•49 
1.48 

M2 

1. 13 

•95 
.22 

1.41 
1.08 

1-77 

•?4 

99 
••39 
1. 12 

•7? 
.18 


47 

So 

08 
03 

22 
9' 


Reference 
No 


Hl(fh  Chlorine 

Chlorine  ;, 
on  Sugar 


17 

.006 

2A 

.01 

2B 

.0?2 

5A 

.01 

5B 

.008 

1 2  first 

.006 

23A 

.034 

23B 

.162 

39A 

.012 

39B 

.020 

43 

.01 

41B 

.040 

27A 

.022 

27B 

.078 

25 

.028 

I 

.076 

Average 


Moisture 
absorbed  on 
exposure  to 
atmosphere 
for  24  hours 


'•34 
2.62 

1-75 
1.03 
1. 13 
2.16 
1.67 
2.91 

•  79 
1.08 

.99 
1.44 
1. 16 
2.03 

'•5' 
1.38 
156 


Siiv  of  f/rain  as  iiiflurnrinf/  ahsorjdion  of  moifiiure. 

The  absorption  of  iiioisture  by  any  substance  la  ossontially 
a  Contact  reaction,  and  is  connected  with  the  area  of  the  sub- 
stance exposed. 

The  same  weight  of  a  sugar  of  small  grain  exposes  a  larger 

area  than  does  that  of  a  sugar  of  large  grain,  and  will  hence 

absorb  moisture  more  quickly,  and  will  retain  a  larger  amount. 

in  addition,  owing  to  the  larger  exposed  area  a  small  grained 

e  attached  to  its  surface  a  greater  quantity  of 

\  large  grained  sugar,  and  it  is  to  the  Impurities 
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«>r  to  the  molasses  that  the  hygroscopic  character  of  a  sugar  is 
to  be  attributed. 

To  test  this  point  experimentallv  two  sugars  were  separaled 
into  three  portions, — that  retained  by  3  2  millimeter  mesh,  that 
passing  a  2  millimeter  mesh  and  retained  by  a  1  millimeter 
nu*sh,  and  that  passing  a  1  millimeter  mid  retained  by  a  .5  milli- 
meter mesh.  These  different  portions  were  dried  to  constant 
weight,  and  then  exposed  to  the  atmosf)here  under  exactly  ecpial 
conditions.  The  annexed  table  gives  the  percentages  of  water 
absorbed  by  the  different  portions. 


A 
B 


Retained  by  a  m.m.  mesh 


.90 
•15 


Retained  bv  i  m.m.  mesh 


1. 18 
1.20 


Retained  by  ;  m.m.  mesti 


I. 31 
1.46 


(Ujiiveciion  hciween  the  noii-.su(/nr  and  mohsiure  ahsorhed, 

A  raw  cane  sugar  consists  of  cane  sugar,  dextrose  and  levu- 
lose  (these  last  two  being  grouped  together  under  the  term 
srlucose),  organic  and  inorganic  salts  of  lime,  potash  and  mag- 
nesia, and  various  organic  non-sugars.  The  organic  acids  which 
have  been  isolated  from  molasses  and  are  consequently  present  in 
raw  sugars  are  glucinic.  malic,  lactic,  saccharic,  and  succinic ; 
in  addition,  wherever  disease  attacked  canes  are  being  worked 
up,  acetic  acid  will  always  be  present.  The  inorganic  salts 
present  are  chiefly  sulphates,  phosphates  and  chlorides. 

Of  the  non-sugars,  dextrose  is  the  material  present  in  largest 
amount  and  this  substance  when  pure  is  not  hygroscopic;  levu- 
lose,  included  with  dextrose  in  the  term  glucose,  was  found  to 
absorb  37.52%  of  its  weight  when  exposed  for  24  hours  to  the 
atmosphere. 

Of  the  other  bodies  which  may  be  present  the  following  are 
known  to  be  hygroscopic : 

Calcium  chloride,  calcium  acetate,  calcium  glucinate,  potas- 
sium acetate,  potassium  glucinate. 

The  glucinates  are  formed  by  the  action  of  alkalies  on  dex- 
trose and  on  levulose,  and  in  this  way  glucose  may  be  regarded 
as  a  body  tending  to  give  a  hyscroscopic  product.  This  point 
was  put  to  the  test  in  the  following  experiment. 
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To  100  c.  c.  of  a  half  per  cent,  solution  of  dextrose  and  of 

leviilose  were  added  1  c.  c.,  2  e.  c 5  e.  c.  of  a 

saturated  solution  of  lime.  The  lime  solution  contained  0.12 
grams  lime  per  100  c.  c.  These  solutions  were  evaporated  to 
dryness  and  then  exposed  to  the  atmosphere  for  24  hours;  in 
all  cases  there  was  obtained  a  brown  colored  residue.  The 
j)ercentage  increases  in  weight  were  found  to  be: 


Dextrose.. 
Levulose 


I  c.c. 
Lime  Water 


22.5 
16.  I 


a  c.c 
Lime  Water 

20.6 

r8.o     I 


)C'  c. 
Lira*  Water 


21.? 
16.^ 


4  c.c. 
Lime  Water 

21  7 
18.3 


5C.  C. 

Lime  Water 


230 


The  decomposition  products  formed  by  the  action  of  lime  on 
dextrose  are  evidently  very  hygroscopic,  and  indicate  the  dan- 
ger of  obtaining  a  hygroscopic  product  liable  to  sweat,  with 
juices  containing  a  high  content  of  reducing  sugars.  It  is  of 
interest  to  note,  and  a  result  not  expected  that  increasing  the 
amount  of  lime  does  not  lead  to  an  increased  absorption  of 
water,  and  that  levulose  treated  in  this  way  absorbs  less  w^ater 
than  does  dextrose,  and  less  than  it  does  without  the  treatment 
with  lime  water. 

I'he  difference  in  the  amount  of  moisture  absorbed  by  the 
samples  was  probably  due  to  a  slight  difference  in  the  surface 
exf)osed  in  each  case. 

(U)nii('rfiofi  bctir<*en  clilorine  in  ash  and  amouni  of  uHiter  nb- 
ftorhed. 

In  Wray's  Practical  Sugar  Planter,  published  in  1849,  ap- 
pears the  following  remark: 

"Saline  matter,  present  in  cane  juice,  depends  very  much  on 
the  soil  on  w^hich  the  canes  are  j^rown  ;  as,  for  instance,  in  the 
low  alluvial  lands  of  Demerara,  T^uisiana,  the  Sunderbunds 
(below  Calcutta),  and  Province  Wellesley,  canes  often  imbilx? 
•^o  much  saline  matter  from  the  Foil,  that  the  sugar  made  from 
them  may  be  said  to  l)e  in  a  constant  state  of  deliquescence." 

We  determined  the  chlorine  in  the  ash  of  all  the  sugars  ex- 
amined, and  this  quantity,  as  a  percentage  on  the  sugar  itself 
is  entered  up  in  Table  TTT  giving  the  amount  of  water  absorbed 
by  the  sugars.     To  test  the  suppositicm  that  there  is  a  relation 
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between  chlorine  and  amount  of  water  absorbed  we  have  divided 
the  sugars  into  those  of  high  chlorine  content  and  low  chlorine 
content;  those  sugars  containing  .004%  chlorine  and  less  are 
grouped  as  of  low  chlorine,  and  those  containing  more  than 
.004yc  as  of  high  chlorine  content. 

The  average  amount  of  water  absorbed  by  the  sugars  of  low 
chlorine  content  is  .90^6,  and  by  those  of  high  chlorine  content 
1.56%.  We  do  not  attribute  of  course  this  great  difference  en- 
tirely to  the  presence  of  chlorides,  but  regard  it  as  evidence 
that  a  high  content  of  chlorides  in  the  juice  and  conscHjuently 
in  the  sugars,  is  a  cause  of  ^'sweating''  of  sugars.  A  large 
amount  of  chlorides  in  sugars  may  perhaj)s  Ik*  connected  with 
irrigation  with  saline  water,  with  the  presence  of  chlorides  in 
fertilizers,  or  in  the  soil  itself. 

That  the  presence  of  chlorides  is  not  the  only  cause  of  the 
absorption  of  a  large  amount  of  water  is  seen  on  reference  to  the 
results  put  forward  in  the  table;  for  exani[)le,  the  sugars  It) 
ami  37  A,  remarkable  for  absorbing  much  water,  are  very  low 
in  chlorides,  and  the  sugars  39  A  and  39  B,  lK)th  high  in  chloi- 
ides,  are  not  remarkable  for  the  amount  of  water  absorbed. 

The  effect  of  small  (juaniiiies  of  salts  on  the  hi/f/roscopic  nature 
of  sugars. 

In  the  previous  paragraph  we  brought  forward  evidence  to 
show  that  a  connection  exists  between  the  amount  of  chlorine 
pr<*sent  and  the  hygroscoj)ic  nature  of  a  sugar.  The  amounts 
of  chlorine  are  in  most  cases  very  small,  and  it  seems  unreason- 
able that  so  small  a  quantity  of  chloride  could  affect  the  pro[)- 
erties  of  the  sugar  in  so  high  a  degree.  This  j)oint  was  put  to 
the  test  in  the  following  experiment. 

A  solution  of  calcium  chloride,  containing  .1  gram  in  50  c.  c. 
i>f  absolute  alcohol  was  pre])ared,  and  of  this  solution  5  c.  c. 
were  evenly  distributed  over  10  grams  of  a  pure  granulatCil 
sugar  contained  in  a  flat  dish.  The  dish  and  its  contents  were 
then  dried,  and  a  sugar  containing  .1%  of  calcium  chloride 
as  impurity  was  thus  obtained. 

In  a  similar  way,  by  dissolving  .2  gram  calcium  chloride  in 
50  c.  c.  absolute  alcohol  a  sugar  with  .2%  calcium  chloride  as 
impurity  was  obtained.  These  sugars  were  then  ex[)osed  in 
thin  layers,  after  complete  drying  at  105°  (\,  in  flat  dishes  to 
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the  action  of  the  atmosphere  for  24  hours,  and  the  increase  in 
weight  due  to  absorj)ti<)n  of  moisture  observed ;  a  check  experi- 
ment with  untreated  sugar  gave  the  amount  of  moisture  ab- 
sorbed by  the  sugar  and  its  container. 

The  details  of  the  experiment  are  as  below: 


Calcium  Chloride  per  cent 
on  Sugar 

Moisture  Absorbed  per  cent      i 
on  Sugar                     ' 

Mo 
Calc 

isture  due  to 
ium  Chloride 

.0 

.09                1 

. 

.  I 

•37         ; 

.28 

.1 

•37 

.28 

.2 

.47 

.38 

.2 

•49               ! 

.40 

That  is  to  say,  when  .1%  calcium  chloride  is  present  it  ap- 
j)arently  absorbs  2.8  times  its  own  weight  of  water,  and  when 
.2%  is  present  it  apparently  absorbs  1.95  times  its  own  weight. 

In  this  exj)eriment  the  difference  between  the  dry  and  w^et 
bulb  thermometer  was  5.4^  C.  Different  results  were  obtained 
in  other  experiments  when  there  was  a  greater  humidity  in  the 
atmosphere,  in  one  instance  the  calcium  chloride  absorbing  ap- 
parently seven  times  its  own  weight  of  water.  Calciimi  chloride 
itself  was  found  to  absorb  36.4%  of  water  calculated  on  its 
weight  when  dry. 

This  effect,  which  has  a  distinct  bearing  on  the  subject  of  this 
bulletin,  we  are  inclined  to  regard  as  due  to  a  contact  reaction 
between  calcium  chloride,  water  and  sugar,  the  calcium  chloride 
first  absorbing  water,  the  water  absorbed  then  dissolvinc  the 
sugar  and  rendering  the  calcium  chloride  free  to  absorb  more 
water;  in  this  sense  the  calcium  chloride  acts  merely  as  a  carrier 
of  water  to  the  non-hygroscopic  sugar. 
Cotrii^ction.  heiween  glucose  In  sugars  and  moisture  absorbed. 

The  average  amount  of  glucose  in  the  sugars  examined  was 
.7S9^  ;  we  have  separated  the  sugars  into  two  portions;  those 
containing  more  than  .7^^/c  glucose,  and  those  containing  less 
than  .7S^  glucose,  and  have  set  out  the  results  in  Table  TV, 
together  with  the  amount  of  water  absorlx^d  on  standing  for 
24  hours.  The  sugars  with  low  glucose  absorbed  less  than  those 
with  high  glucose,  but  the  difference  is  not  very  pronounced, 
and  does  not  lead  to  anv  definite  statements. 
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TABLE  IV. 


Reference 
No. 

High  Glucose 

Glucose  % 
on  Sugar 

Moisture 
absorbed  on 
exposure  to 
atmosphere 
for  34  hours 

Reference 
No. 

Low  Glucose 

Glucose ;; 

on  Sugar 

Moisture 
absorbed  on 
exposure  to 
atmosphere 
for  24  hours 

2AB 

1.87 

1 
2.62 

I3A 

•36 

1.27 

2A 

.86 

».75 

I3AA 

60 

I. 13 

5A 

.83 

1.03 

20 

.48 

.85 

21 

.82 

•95 

6 

.68 

.69 

7A 

.83 

.49 

17 

.64 

^34 

7AA 

.80 

1.48 

65B 

•77 

1. 13 

1 2  Washed 

2.91 

1.77 

33A 

•44 

1,12 

43 

.84 

.79 

33AD    • 

•  73 

1. 13 

41  B 

1.08 

1.44 

i4iA 

.50 

.80 

27B 

I  48 

2.03 

27A 

•55 

.73 

9 

.92 

.22 

24A 

.43 

•95 

34 

•83 

1.08 

19 

.61 

2.03 

3A 

1.06 

1-41 

4 

.21 

.22 

I 

I.81 

1.38 

12  First 

.66 

2.16 

25 

1.81 

1.38 

36  A 

.60 

«34 

Average 

1.20 

1.32 

36B 

.52 

•99 

37A 

.18 

••59 

37B 

•74 

1.12 

45 

•  37 

.37 

23A 

•  47 

1.67 

23B 

.4« 

2.91 

39A 

•30 

.71 

39B 

•  32 

•  78 

30 

.61 

.73 

16  Syrup 

•4' 

.18 

16  Syrup& 

Molasses 

.56 

•47 



Average 

•5« 

1.05 

Yjamhmtion  of  '' Sv^eaied''  Sugars, 

During  the  time  that  the  analyses  and  experiments  detailed 
in  this  bulletin  were  in  progress  we  had  referred  to  us  for  ex- 
amination two  samples  of  **sw^eated^'  sugars.  These  sugars  had 
sweated  in  the  hold  of  the  vessels  bv  whieh  they  were  shipped, 
and  other  sugars  of  similar  origin  had  not  sweated.  The  sugars 
that  had  sweated  had  fallen  in  polarization  on  an  average  five 
^nits  below  that  whieh  had  remained  sound.  In  the  bacteriolo- 
gical examination  of  these  sugars  we  found  the  organisms  whieh 
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we  have  come  to  associate  witli  deteriorated  sugars,  but  as  they 
came  to  us  the  number  of  organisms  in  the  sweated  sugars  was 
<mly  a  fcNv  more  than  in  the  sound  sugars.  A  decrease  in  the 
number  of  organisms  on  storage  has  already  been  noted  in  the 
case  of  sugars  that  have  deteriorated,  and  in  the  absence  of  fur- 
ther evidence  some  similar  cause  may  have  been  at  work  here. 

In  these  sugars  w^e  determined  the  amount  of  wati^r  absorbed 
(in  the  way  already  described)  and  the  amount  of  chlorine  in 
the  sugars.     The  following  results  were  obtained : 


Reference  No. 

Amount  of  Water  AbscH'bed            Chlririne  per  cent.  <^  Sugars 

43  Sweated 

43 

43  Sound 
21  Sweated 
21  Sound 

3.  .8 
3.58 

.96 
2.58 

.94 

.014 
.018 
.012 
,008 
.004 

In  all  cases  the  **sweated"  sugars  are  much  more  hygroscopic 
than  sound  sugars  of  the  same  shipment,  but  with  the  data  to 
hand  it  is  impossible  to  say  if  this  high  absorption  of  water  is 
due  to  bodies  already  present  or  to  products  of  decomposition 
due  to  bacterial  action.  In  the  experiment  on  storage  of  sterile 
sugars  we  had  sugars  of  the  same  origin  which  had  deteriorated 
and  others  which,  being  nearly  sterile,  had  not.  This  gave  us 
a  means  of  checking  the  effect  of  the  products  of  bacteria  on  the 
amount  of  water  absorbed  by  the  same  sugar.  It  was  found 
that  the  sterilized  sugar  and  the  infected  sugar  which  had 
deteriorated  both  absorbed  the  same  amount  of  water  when 
examined  as  already  described.  In  the  actual  experiment  the 
percentage  of  water  absorl>ed  was  1.45^  in  both  cases.  This 
experiment  would  lead  to  the  conclusion  that  the  '"sweated"* 
sugars  had  sweated  on  account  of  the  presence  of  certain  impui- 
ities,  and  that  then,  due  to  the  favorable  conditions,  bacteria 
had  been  responsible  for  the  fall  in  polarization. 

Vfip  of  ''proofed''  hags, 

Tn  certain  districts,  particularly  where  direct  consumption 
sugars  are  made,  it  is  not  unusual  to  protect  the  product  hy 
the  use  of  an  interior  bag  of  specially  firepared  paper. 
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To  test  the  benefit  of  the  use  of  snch  bags  we  made  the  fol- 
lowing experiments.  Samples  of  bags  sold  and  used  for  this 
purpose  were  obtained ;  the  bags  were  made  of  a  paper  material, 
crinkled  so  as  to  be  very  elastic,  and  had  been  treated  with 
some  material  rendering  them  resistant  to  the  action  of  water ; 
from  this  material  we  had  made  small  bags  holding  about  one 
pound  of  sugar,  and  similar  bags  from  the  burlap  material  hi 
general  use. 

Into  these  bags  was  filled  a  raw  sugar  which  had  just  been, 
completely  dried ;  the  bags  were,  after  filling,  closed  as  tightly 
as  possible,  and  allowed  to  stand  exposed  to  the  atmosphere  for 
24  hours;  after  the  expiration  of  this  time  determinations  of 
the  water  in  the  sugars  in  the  paper  and  burlap  bags  were  made 
with  the  following  results: 

Paper  bags 55% 

Bnrlap  bags 57% 

The  bags  were  allowed  to  remain  a  week,  when  determinations 
»)f  the  moisture  were  again  made. 

Paper  bags 74% 

Burlap  bags 80% 

The  bags  were  then  placed  in  a  ver\^  wet  atmosphere  obtained 
by  placing  them  in  a  large  covered  vessel  at  the  bottr)m  of  which 
was  a  layer  of  water.  After  one  week  the  bags  were  removed ; 
the  sugar  in  the  burlap  bags  had  sweated,  and  to  outward  ap- 
pearance that  in  the  paper  bags  had  remained  sound.  On 
opening  the  bags  the  sugar  in  both  paper  and  bnrlap  bags  wns 
found  to  be  exceedingly  moist.  Actually  the  moisture  was 
found  to  be 

Paper  bags 4.09% 

Burlap  bags 5.97% 

As  the  result  of  these  experiments  we  cannot  say  that  the 
use  of  an  interior  lining  of  specially  prepared  paper  will  pre- 
vent the  sugars  absorbing  moisture.  To  a  certain  extent  such 
a  scheme  may  be  expected  to  mitigate  "sweat  damage ;"  whether 
it  would  be  a  practical  scheme  or  not  will  depend  on  the  cost 
of  the  bags  and  the  amount  of  sugar  their  use  will  save  from 
damage.  This  is  a  matter  that  can  only  be  settled  by  a  large 
scale  experiment  in  situ,  and  we  suggest  such  an  experiment 


Digitized  by 


Google 


28 

as  worthy  of  trial  in  any  factory  which  is  obliged  to  store  iu 
sugars  over  long  periods  in  unfavourable  localities. 

From  a  coniniunication  from  a  firm  making  these  bags  we 
gather  that  the  extra  cost — not  including  extra  labor — would 
he  from  oOc.  to  00c.  per  ton  of  sugar. 

Infect  ion  from  bags. 

We  referred  above  to  a  statement  tracing  the  origin  of  the 
organisms  causing  deterioration  to  the  bags  in  which  the  sugar 
is  packed.  This  observation  we  were  unable  to  confirm.  We 
obtained  bags  from  four  different  plantations  taken  at  random 
from  stockvS,  and  made  inoculations  from  these  bags  into  sterile 
nutrient  agar,  incubating  the  infected  agar  at  35^  i\  Three 
of  the  bags  were  apparently  sterile;  that  is  to  say,  from  1 
gram  of  bag,  treated  as  above,  we  obtained  no  colonies  of  micro- 
organisms; from  a  fourth  bag  we  obtained  large  numbers  of 
colonies,  but  the  organisms  occurring  in  these  cohmies  were 
different  to  those  which  we  had  observed  in  the  sugars  we  had 
previously  examined. 

Sngrjesiions  towards  preventing  deterioration. 

Provided  that  a  sterile  sugar  could  be  made,  that  it  could 
be  kept  sterile,  there  is  no  doubt  that  a  very  great  part  of  the 
loss  due  to  deterioration  could  be  prevented.  It  is  a  matter 
of  no  inconsiderable  difficulty  to  sterilize  even  small  articles 
in  the  laboratory,  and  the  sterilization  of  so  large  a  matter  as 
a  sugar  factory  may  be  regarded  as  impossible.  In  one  of  his 
ccmimunications  Grieg  Smith^"  shows  that  in  Australia  the 
organism  Bacillus  leraniformans,  which  he  associates  with  de- 
terioration,  exists  in  the  juices  and  syrups  at  all  stages  of 
manufacture,  and  hence  its  presence  in  the  sugars  is  unavoid- 
able. Similarly,  the  presence  of  micro-organisms  has  l)een 
noted  by  Laxa^*^  in  all  stages  of  manufacture  in  beet  sugar 
factoric^s.  Notwithstanding  this,  we  think  that  all  efforts  to- 
ward a  clean  factory  and  to  a  rapid  process  of  manufacture 
will  1k»  well  rewarded.  The  jdacc  in  the  sugar  factory  most 
suited  to  the  development  of  micro-organisms  is  the  tanks  used 
for  storage  of  after  massecuites,  and  to  the  remelting  of  these 
sugars  is  to  be  attributed  the  introduction  of  manv  micro- 
organisms.    This  is  not,  however,  the  sole  cause,  as  amongst 
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the  sugars  we  exaiuined  were  some  which  came  from  a  factor v 
usins:  a  crvstalHzation  in  motion  ])rocesH,  and  these  contained 
a  verv  large  number  of  micro-organisma. 

Provided  sue:ars  are  drv,  no  danger  from  bacterial  damage 
is  to  be  apprehended;  dryness  in  sngars  can  l)e  obtained  by 
artificial  drying  bv  heat,  but  if  such  dried  sugars  are  stored 
for  any  length  of  time  they  will,  under  unfavorable  conditions, 
absorb  moisture.  To  a  limited  extent  we  think  that  the  use 
of  an  interior  **])nM)fed"  bag  is  worthy  of  trial  where  sugars 
have  to  be  stored  under  unfavorable  cimditions.  With  regard 
to  treatment  of  sugars  we  have  shown  how  that  the  action  of 
small  quantities  of  alkalies  on  dextrose  gives  rise  to  hygroscopic 
decomposition  i)roducts,  and  consequently  any  excess  of  lime, 
])articularlv  with  juices  containing  much  glucose,  will  tend  to 
give  a  hygroscopic  sugar,  and  hence  one  liable  to  deterioration. 

A  thick,  viscous  material,  such  as  molasses,  is  not  a  medium 
well  suited  to  the  development  of  micro-organisms,  but  if  the 
film  of  molasses  l>e  diluted,  as  will  occur  if  the  sugars  vvv 
'vashed,  a  more  suitable  habitat  for  their  development  is  form- 
M,  The  suarars  we  have  examined  afford  evidence  that  washed 
sugars  are  liable  to  deterioration,  and  we  would  add  that  the 
use  of  anv  but  distilled  water  in  washing  sugars  is  a  process 
likely  to  intro<luce  large  numbers  of  micro-organisms. 

V<ilidiiii  of  a  '*couihV*  of  ihr  micro-orcjmii'SmH  in  n  sugar  in 
conneciion  trifh  deterioraiion. 

Althouirh  the  determinations  we  have  made  point  to  a  dis- 
tinct connection  between  bacterial  activity  and  deterioration, 
an  inspection  of  the  results  recorded  ])resents  ])()ints  that  re- 
([uire  further  study. 

We  have  mentioned  that  in  the  case  of  three  sugars  which 
deteriorated  the  "count''  of  the  r>rganisms  found  did  not  afford 
evidence  to  correlate  the  deterioration  with  bacterial  activity; 
and  further,  in  the  sweated  sugars  we  examined,  we  found  no 
ereat  number  of  organisms. 

Mr.  r.  F.  Eckart  called  our  attention  to  somewhat  parallel 
observations  in  the  reijion  of  soil  bacterioloirv.  Tu  Bulletin 
194,  TJ.  S.  De])artment  of  Agriculture,  T>rs.  Voorhees  and  Lip- 
man  have  reviewed  the  work  that  has  been  done  up  to  date  in 
soil  bacteriology.     Quoting  from  this  publication  we  read: 
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^'The  same  fact  is  recognized  by  Chester  when  he  says  that 
a  soil  may  be  low  in  numbers  of  bacteria,  but  contain  such  a 
bacterial  flora,  or  combination  of  bacterial  species  which  are 
known  to  be  favorable  to  the  rapid  digestion  of  plant  food, 
us  to  give  what  might  be  termed  a  high  bacterial  potential.^* 

In  the  same  way  it  does  not  seem  unreasonable  to  suggest 
that  in  the  case  of  deterioration  of  sugars  it  may  not  be  only 
the  number  of  organisms  at  w^ork,  but  also  what  Chester  calls 
the  '^bacterial  potential/* 
Incre<ise  in  Polarizatioti,  an  Storage. 

We  called  attention  in  our  abstract  of  previous  work  on  the 
storage  of  sugar  to  the  statement  of  Watts  regarding  an  in- 
crease in  the  polarization  of  sugars.  In  the  course  of  the  work 
described  in  this  Bulletin  we  have  come  across  similar  in- 
stances. The  initial  polarization  of  the  sugar  3  B  was  93.7. 
and  after  storing  for  two  months  and  for  four  months  the 
polarization  had  increased  to  95.0  and  to  95.2.  Initially  the 
percentage  of  reducing  sugars  was  1.65,  and  at  the  end  of  four 
months  it  had  fallen  to  .22%.  At  the  same  time  there  had 
been  a  progressive  increase  in  the  number  of  organisms  from 
28  to  420,  and  to  a  very  large  number  at  the  end  of  four  months, 
and  the  only  explanation  we  can  offer  of  this  behaviour  is  that 
of  a  selective  action  of  the  organisms  present  towards  the  re- 
ducing vsugars,  the  cane  vsugar  remaining  unaffected. 

During  the  time  that  this  work  was  in  progress  a  similar 
phenomenon  was  noticed  in  some  sugars  analyzed  in  the  or- 
dinary routine  work  of  the  station.  On  November  27th  three 
second  grade  sugars  gave  the  following  results: 

Na  Polarization 

2  94.05 

3  93.95 

4  93.8 

These  sugars  were  polarized  in  duplicate  by  different  anal- 
ysts, with  concordant  results. 

On  December  19th  the  Station  was  requested  to  repeat  the 
atialysis,  on  the  remainder  of  the  samples,  when  the  following 
re**ults  were  obtained: 

No.  Polarization 

2  94.9 

3  95-0 

4  95-1 
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31 
J.    ^'^      Xn  the  j^eat  majority  of  cases  of  deterioration  of  sugars 


•        Sugars  may  fall  in  polarization  without  evidence  of  this 


^   ^*iJl  in  polarization  can  be  connected  with  bacterial  activity. 

^.  !_•        Sugars  may  fall  in  polarizati 

t>oing  due  to  bacterial  activity. 

J  J     *^*         Tor  bacterial  action  to  take  place  a  certain  amount  of 

^j      "^^txire  must  be  present;  so  long  as  the  sugars  do  not  contain 

:sj^    "**^     than  1%   of  moisture,  the  danger  of  bacterial  action  is 

If"  Pour  distinct  organisms  are  of  frequent  occurrence  in 

^^t      ^  5^.iian  sugars,  one  of  which  was  of  very  frequent  occurrence 

p^'^^Sars  which  deteriorated;  these  are  now  l>e.ing  studied. 
^.^  ^jr^  ^  Ji^  capacity  of  sugars  for  absorbing  moisture  varies 

-  -  ^^Vit  of  moisture  absorbed  is  connected  with  the  amount  of 


^^^=^1^^^^*,  and   this  is  an   important  factor 
^^!^j^^^§  qualities  of  the  sugars,  some  evi< 


in   determining  the 
dence  exists  that  the 


<^< 


^^^ides  in  the  sugars. 

^-    A  sugar  when  dried  will,  when  exi>osed  to  a  damp  atmos- 

phore,  absorb  moisture;  such  a  sugar  will  then  be  in  a  conditio'i 

iJuhle  to  deterioration.     In  factories  which  exj)errence  trouble 

»wf/i  <leterioration  of  sugars  we  suggest  the  experimental  use 

J^    ///i  interior  paper  lining  as  a  means  of  protecting  the  sugar 

^^^'^  atmospheric  changes. 
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LETTER  OF  TRANSMITTAL. 


To  the  Experiment  Station  Committee  of  the  Hawaiian  Sugar 
Planters'  Association. 

Dear  Sirs: — I,  herewith,  submit  for  publication  as  Bulletin 
Xo.  25,  of  the  Division  of  Agriculture  and  Chemistry,  the  results 
from  a  series  of  Stripping  Tests  conducted  at  the  Experiment 
Station. 

Yours  very  truly, 

C.  F.  ECKART, 
Director,  Division  of  Agriculture  and  Giemistry. 

Honolulu,  Hawaii.  Feb.  12th,  1908. 
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RESULTS  FROM  STRIPPING  EXPERIMENTS. 


BY    C.  F.    ECKART. 

In  June,  1906,  a  bulletin  (No.  16),  entitled:  "The  Influence 
of  Stripping  on  the  Yields  of  Cane  ana  Sugar,"  was  published  by 
this  Division  of  the  Experiment  Station,  and  data  were  presented 
showing  the  relative  yields  obtained  from  stripped  and  unstripped 
cane  in  three  series  of  experiments.  In  this  bulletin  the  results 
from  the  ratoon  crop  of  the  second  series  of  tests  are  given  along 
with  the  results  derived  from  the  plant  crop.  This  bulletin  is 
therefore  supplementary  to  Bulletin  No.  16,  and  considers  the 
yields  of  cane  and  sugar  from  two  crops  on  fourteen  plats  in  the 
Station  field. 

The  plant  cane  (Lahaina)  was  planted  in  June,  1904,  and  har- 
vested during  the  last  of  February  and  the  first  of  March,  1906. 
It  was  stripped  three  times,  as  follows: 

1st  stripping,    January  25th,  1905. 
2nd         •'  June  2nd,  1905. 

3rd         '*  November  1st,  1905. 

The  ratoons  were  cut  back  in  July,  1906,  and  harvested  in 
January.  1908.     Stripping  was  performed  on  the  following  dates: 

1st  stripping,    March  6th,  1907. 
2nd         **  July  15th,  1907. 

3rd         **  October  20th,  1907. 

Each  plat  consisted  of  four  rows,  fifty  feet  in  length,  the  two 
middle  rows  forming  the  bases  of  the  comparisons ;  one  of  those 
test  rows  was  stripped  and  the  other  w^as  left  unstripped. 

With  the  exception  of  Plat  No.  1,  which  was  not  fertilized,  all 
of  the  cane  received  the  same  mixed  fertilizer  divided  up  into 
different  proportions  for  the  several  applications,  some  of  the 
plats  receiving  supplementary  quantities  of  nitrate  of  soda,  as  was 
described  in  Bulletin  No.  16,  page  6.     This  explains  the  variation 
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in  the  yields  from  different  plats,  since  the  tests  were  planned  to 
cover  both  fertilization  and  stripping.  Owing  to  the  fact  that  the 
stripped  and  unstripped  rows  in  each  plat  were  immediately  ad- 
joining, the  yields  from  these  rozcs  are  comparable^  and  the  aver- 
age results  from  the  fourteen  plats  afford  positive  conclusions 
icith  respect  to  stripping  at  the  Experiment  Station.  The  fer- 
tilizer experiments  are  inconclusive,  and  will  be  repeated  on 
plantation  substations  in  accordance  with  the  system  of  long,  con- 
tiguous plats  adopted  by  the  Division  for  reasons  given  hi  Circu- 
lar No.  6,  page  42. 

The  following  tables  show  the  yields  of  cane  and  availal/le 
sugar,  together  with  the  quality  of  the  juices,  from  stripped  and 
unstripped  rows  in  fourteen  plats  for  two  crops  of  cane : 

WEIGHT  OF  CANE  PER  ACRE— TONS. 


Plat 

! 

1             Plant 

r 

i     Stripped 

i         _ 

Cane 

1 

Not 
Stripped 

Ratooiis                              .\\craKe 

1                                                                                                                               ^ 

I 

1     9331 

90.52 

1  57-49 

'  71.22 

75-40 

1  80.87 

2 

64.73 

88.34 

49-09 

i  59.72 

56.91 

'  74-03 

1 

3 

'     71.09 

1 

98.01 

48.78 

!  67.69 

59-93 

'  82.85 

4 

91.78 

108.33 

58.45 

i  65.99 

75-11 

87.16 

5 

67.00 

1 1 1.25 

56.27 

64.86 

61.63 

'  88.05 

6 

_   «^.55 

112.21 

64.73 

'  72.04 

73-64 

92.12 

7 

.    73-57 

97.88 

62.90 

;  62.33 

68.23 

'  80.10 

8 

72.22 

99-49 

53.97 

1  74-79 

63.09 

87.14 

9 

78.10 

91.30  ^ 

63.33 

80.89  ' 

70.71 

86.09 

10 

76.27 

101.93 

57.62 

74.74  . 

66.94 

88.33 

II 

64.29 

97-36 

56.32 

77.49 

60.30 

87.42 

12 

84.16 

111.82 

70.13 

82.15 

77-14 

96.98 

13 

67.08 

94.09 

60.02 

81.67 

63-55 

87.88 

14 

76.47 

108.38 
100.78 

74.61 
59.55 

89.69  , 
73.23 

79-56 

tW.03 

Average 

68.01 

87.00 
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WEIGHT  (JF  AVAILABLE  SUGAR— TONS. 


Plant 
Stripped 

1*4-6 

Not 
Stripped 

Ratooiu 
Stripped 

!  1906-S 

Average 

Plat 

.Not 
Stripped 

1 

Stripped 

Not 
Stripped 

I 

14-54 

14.17 

8.19 

10-73 

11.36 

12.45 

2 

9.55 

13.20 

6.53 

8.51 

8.04 

10.80 

3 

IO.I2 

14.17 

6.47 

9-23 

8.29 

11.70 

4 

1305 

1594 

7-31 

8.61 

10.18 

12.27 

5 

7.90 

1569 

6-97 

8-59 

7-43 

12.14 

6 

I  1 .29 

15-59 

7.86 

9.29 

9-57 

12.44 

7 

9.10 

13-03 

7-63 

8.20 

8.36 

10.61 

8 

9.84 

13.69 

6.82 

10.22 

8-33 

11.95 

9 

11.20 

13-95 

8.37 

11.18 

9-78 

12.56 

lO 

10.79 

14.72 

740 

10.49 

9-09 

12.60 

1 1 

8.14 

14- >  5 

7-23 

10.22 

1     7-68 

!     12.18 

12 

11.89 

16.43 

8.48 

10.82 

10.18 

13.62 

»3 

8.42 

13-34 

7.16 

10-35 

;     7-79 

11.84 

14 

10.66 

15-88 

;   8.92 

11-95 

9-79 

13-91 

Average 

10.46 

1456 

7-52 

9.88 

^    8.99 

12.21 
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Xothin^  in  the  way  of  an  experiment  could  offer  more  con- 
vincing proof  than  these  figures  that  stripping  causes  an  enormous 
loss  under  such  conditions  as  obtain  at  the  Experiment  Station. 
In  condensed  form  the  data  may  be  presented  as  follows: 

WEIGHT  OF  CAXE.     TONS  PER  ACRE. 

Stripped  Not  Stripped' 

Plant  Cane 76.47  100.78 

Ratoons 59.55  73.23 

Average    68.01  87.CO 

SUCROSE  IN  JLTCE.     PER  CENT. 

Stripped  Not  Stripped' 

Plant  Cane 16.8  17.7 

Ratoons 15.8  16.8 

PURITY  IN  JUICE. 

Stripped  Not  Stripped* 

Plant  Cane 89.3  90.3 

Ratoons    87.0  88.0 

A\\AILA})LE  SUGAR  PER  ACRE.  TONS 

Stripped  Not  Strippecf 

Plant  Cane 10.46  14-56 

Ratoons 7.52  9.88 

Average    8.99  12.21 

The  accompanying  photograph  shows  the  relative  quantities  of 
dead  cane  from  the  stripped  and  unstripped  rows.  It  would  ap- 
pear from  the  illustration  that  there  were  twice  as  many  dead 
stalks  where  the  cane  was  stripped  than  where  it  was  left  un- 
stripped, but  the  difference  in  the  size  of  the  piles  is  due  to  some 
extent  to  the  larger  number  of  large  sticks  in  the  stacl:  of  stripped 
rotten  cane.  \\'here  the  cane  was  not  stripped,  the  dead  canes 
which  were  found  in  the  rows  were  chiefly  those  that  had  dietf  off 
when  quite  small ;  where  the  cane  was  stripped,  dead  sticks  of  all 
sizes  were  found,  from  young  shoots  to  stalks  which  had  almost 
reached  maturity.  The  number  of  dead  canes  per  acre  are  given 
in  the  following  table. 
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Xl'MBER  OF  DEAD  CAXES  PER  ACRE. 


Plan 

t  Cane 

Ratooiis 

Average 

Plal 

stripped 

Not 
Stripped  1 

Stripped  1 

Not      • 
Stripped 

Stripped  [ 

Sol 
Stripped 

I 

2,788 

4.530' 

5.227 

4.179 

4.007 

4.354 

2 

;  S.401 

4.879 ; 

7,492 

3.310 

6,446! 

4,094 

3 

5.750 

2,614 

9.234 

6.795  ' 

7.49-   ' 

4.704 

4 

5.053 

2,265 , 

10,454 

4.356 

7.753 

3.310 

5 

9,060 

3  485  1 

7.492 ; 

10,280 

8.276 

6.882 

6 

5.227 

2439! 

8,189  • 

9.583 

6.708 

6,011 

7 

8,886 

7.144! 

9.757 

9.234 

9.321 

8,189 

8 

5.227 

3.8331 

8.015 ; 

7.143  ; 

6.621 

5.488 

9 

:    6.098 

3.659 

9.757 ; 

6.795  1 

7.927 

5.227 

lO 

7.841 

3.833 

10.628 

9,060 

9.234 

6,446 

II 

6,447 

5.227 ; 

9.757  i 

7,840 : 

8,102 

6,533 

12 

5.924 

3.659; 

7.840 1 

6,446 

6.882 

5.052 

'3 

9.235 

4.879; 

7.492 ' 

5.924 

8,363 

5,401 

14 

8.189 

3.136; 

8,015 ! 

8,015 

8.102 

5.575 

Average 

6.509 

3.970 1 

8.535  i  7.068 

7.516 

5.519 

The  (lata  contained  in  this  bulletin,  together  with  that  pre- 
sented in  Bulletin  No.  16,  show  clearly  the  importance  of  carry- 
ing out  accurate  tests,  with  respect  to  stripping,  on  the  plantations. 
If  it  should  be  found  that  the  practice  of  removing  the  deaci 
leaves  from  the  cane  results,  on  the  average,  in  a  tithe  of  the  per- 
centage of  loss  which  occurs  in  the  Experiment  Station  field,  the 
decreased  yields  from  stripping  would  represent  for  the  Islands 
an  almost  incredible  figure.  Last  year  on  the  Island  of  Oahu 
alone,  approximately  90,158  tons  of  sugar  were  obtained  from 
stripped  cane.  If  we  could  say  that  the  average  percentage  of 
loss  from  stripping  for  the  Island  of  Oahu  was  only  one-half  that 
at  the  Experiment  Station,  then  the  loss  for  last  crop  would  have 
been  approximately  $1,210,330.      This  figure  does  not  take  into 
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consideration  the  cost  of  stripping,  but  is  based  entirely  on  tlie 
yields  of  sugar.  As  far  as  I  am  able  to  learn,  323,800  tons  of 
sugar  were  obtained  from  stripped  cane  on  Hawaiian  plantations 
for  the  crop  of  1907.  If  the  average  percentage  of  loss  from 
stripping  was  one-third  of  that  experienced  at  the  Station,  this 
practice  cost  the  plantations  in  sugar  alone,  for  one  year,  nearly 
three  million  dollars. 

In  carrying  out  field  tests  to  gauge  the  economy  of  stripping 
in  any  locality,  it  is  necessary  that  every  possible  safeguard  to 
accuracy  be  observed,  and  the  Division  would  stronMy  recommend 
the  laying  out  of  experiment  areas  in  accordance  with  the  fol- 
lowing plans.  These  plans  call  for  long,  narrow  plats.  The 
greater  the  length  of  the  plats,  the  more  accurate  will  be  the  re- 
sults. 
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EXPERIMENT  FIELD  FOR  STRIPPING  TESTS  ON  IRRIGATED 
PLANTATIONS. 
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practice  conforms  with  the  treatment  called  for  byti^ifV  ^C?(!jOv  IC 
)r  6.  Plat  <s  should  be  made  a  three  stripping  test 


EXPERIMENT  FIELD  FOR  STRIPPING  TESTS  ON  UNIRRIGATED  PLAN- 
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\V.:crr  the  plantation  practise  conforms  with  the    treatment  called  for  by  any  one  of  Platj!  A,  C 
or  I).  Plat  F  should  be  made  a  //iTre  strippings  test. 
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LETTER    OF    TRANSMITTAL. 


To  the  Experiment  Station  Committee  of  the 

Hawaiian  Sugar  Planters'  Association, 
Honolulu,  T.  H. 

Dear  Sirs: — 1  herewith  submit  for  publication  as  Bulletin 
^i'o.  20  of  the  Division  of  Agriculture  and  Chemistry,  an  article 
entitled  ''Cane  Varieties,  With  Special  Reference  to  Nomen- 
clature/' Air.  Deerr  is  essentially  the  author  of  this  memoir  on 
the  nomenclature  of  cane,  since  by  far  the  greater  part  of  it  was 
prepared  by  him  from  notes  collected  during  his  residence  in 
various  sugar-growing  coimtries.  In  view  of  the  present  con- 
fusion over  variety  names,  I  believe  this  bulletin  will  serve  a 
useful  purpose  in  bringing  to  light  a  niunber  of  well  established 
synonyms. 

Yours  very  truly, 

C.  F.  ECKART, 
Director,  Division  of  Agriculture  &  Chemistry. 

Honolulu,  June  26,  1908. 


Digitized  by 


Google 


Digitized  by 


Google 


ox   VARIKTIES  OF  CANE,  WITH  SPEC  TAL  REFEU- 
ENCE  TO  XOAIEXCLATUKE. 


By  X()(**l  Deorr  and  (\  F.  Eekart. 

Some  years  ago  one  of  ns^  issued,  from  this  Division  of  the 
Hawaiian  Snp^ar  Planters'  Association  Experiment  Station,  a 
l^iiUetin  on  the  present  snbjeet ;  in  the  present  Hnlletin  it  is 
onr  object  to  place  on  record  onr  fnrther  experience  in  this  mat- 
tor,  which  we  are  inclined  to  think  is  of  no  inconsiderable  im- 
[>ortance. 

Of  late  years  the  interest  in  varieties  sci'own  from  the  seed  has 
l>een  so  great  that  there  has  been  danger  of  neglect  of  the  older 
varieties,  the  nomenclature  of  which  is  in  a  state  of  great  con- 
fusion. Xow  that  the  practicability  of  growing  pedigree  seed- 
ling canes  is  firmly  established,  and  is  being  snccessfnlly  carried 
oil  in  more  than  one  experiment  station,  it  is  a  matter  of  great 
importance  that  worker?  in  one  part  of  the  world  should  know 
what  canes  their  colleagues  in  another  have  in  mind  when  one 
of  these  is  referred  to. 

To  this  end  we  have  made  a  careful  study  of  all  the  literature 
Ave  have  iavailable,  and  have  combined  the  results  of  such  studies 
with  onr  own  personal  experience. 

We  shall  be  ready  to  receive  corrections  and  further  informa- 
ti<m  from  any  part  of  the  world,  and  if  a  sufficiency  of  such  in- 
formation should  be  vouchsafed  us  we  shall  be  willing  to  collate 
and  publish  what  we  shall  have  received. 

Thk  Yellow  Otaheite  Cane  and  Its  Allies. 

Under  this  heading  we  propose  to  collate  the  literature  of  the 
Sugar  Oane  dealing  with  cane  or  canes  known  under  the  terms 
'^Ijahaina'*  ''Bourbon  ''  ''LouzierJ'  ''Onihriic''  etc. 

The  earliest  reference  to  this  cane  that  we  have  found  occurs 
In  Wray's  'Tractical  Sugar  Planter,''  of  date  1848.    Tie  stales: 

1.  That  the  account  of  the  origin  of  the  *' Bourbon'*  cane  is 
not  very  satisfactory,  the  generallv  received  opinion  being  that 
it  reached  the  Island  of  Bourbon  from  the  Malabar  coast,  oriffi- 
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nally  being  a  small-sized,  soft,  juicy  cane,  which  became  much 
improved  bv  cultivation. 

2.  That  the  "Tihhoo  LecuV  of  Singapore  is  identical  with 
the  '* Bourbon,'' 

3.  That  the  *'()tah^i(e"  canes  are  two, — the  yellow,  or  straw 
cohire<l,  and  the  purple  striped,  or  riblnm.* 

4.  That  the  Otaheite  was  taken  direct  from  that  island  to 
the  West  In<lies,  Calcutta,  and  the  Straits,  and  that  the  TiblxM) 
Leeut  was  introduced  to  the  Straits  from  Otaheite  by  way  of 
Manila. 

Definitely  recorded  instances  of  the  introduction  of  this  cane 
we  have  found  as  follows : 

1.  To  the  island  of  Bourbon  at  an  early  date,  thence  to  Mur- 
tini(pie  about  the  middle  of  the  ISth  century,  and  from  thi;^ 
island  to  Cayenne  and  other  of  tJie  French  possessions  in  the 
West  Indies. 

2.  By  Sir  John  Palfrey  directly  fnmi  Otaheite  to  Antigua 
in  the  1 8th  century. 

3.  By  Captain  Bligh,  directly  from  ()t4iheite  to  Jamaica  in 
171)0. 

4.  It  is  generally  stated  that  the  '*Lahaina"  cane  was  intro- 
duced to  the  Hawaiian  Islands  by  Captain  Pardon  Edwards,  of 
the  shi])  George  Washington,  and  that  it  was  brought  from  the 
Manpiesas  Islands;  this  we  will  show  later  is  a  mis-quotation, 
and  that  the  Lahaina  cane  came  also  from  Otaheite. 
Recently  recorded  notices  of  this  cune, 

Fawcett,^  in  a  detailed  descriptive  list  of  canes  growing 
in  the  Jamaica  Botanical  Gardens,  mentions,  amongst  manv 
others,  the  "Lahainn,"  '^Queensland,''  *'Keni  Keni,"  ''China;'' 
he  does  not  in  any  way  identify  them,  but  remarks  that  they  pos- 
sess the  best  characteristics  of  the  white  canes. 

Delteil,^  in  describing  canes  cultivated  in  Bourbon  and  Mau- 
ritius, gives  as  synonyms  ^'Batavian"  (in  Bourlxm),  **YeUow'' 
(in  Mauritius),  "Bcnirlxm"  or  ''Otaheite"  (in  the  West  Indies), 
*'Singapr»re,"  "Leeut"  (in  Singapore). 

Stubbs,'*  who  has  made  a  detailed  study  of  the  varieties  col- 
lected at  Audubon  Park,  splits  the  White,  Green  and  Yellow 
canr\s  into  a  nund)er  of  groups.  In  Gronp  II  of  his  classifiica- 
ticm  a])pears 

*  For  the  moment  this  purple  striped  cane  Is  not  being  discussp'^ 
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Xo.  10.     Yellow,  from  Cuba. 

Xo.  11.     Blanca  de  Oiaheite,  from  Cuba. 

Xo.  12.      Loucier,  or  Lousier,  from  Alauritius,  via  Cuba. 
Of  this  grouf)  Dr.  Stubbs  writes : 

*'Jt  is  flittieult  to  tind  any  (litf(renee  between  them 
on  our  soil     .      .      .      ." 

'*The  leaves  are  eovered  with  little  priekles    .    .    .'' 
"Thev  all  came  originally  from  the  island  of  Tahiti 
(=Ot^heite)  or  Madagascar;" 
In  Group  III  of  the  sanie  class  appear 

Xo.  1'3.     Portier,  from  Cuba. 

Xo.  14.     Lahaina,  from  Hawaii. 

Xo.  15.     Keni-Keni,  from  Jamaica. 

ThCvSe  are  stated  to  be  the  same  cane,  and  to  have  originate<i 
from  the  Marquesas  Islands.  It  is  to  l)e  noticed  that  Dr.  Stubbs 
does  m>t  mention  the  presence  of  prickles  on  these  canes. 

In  Group  IV  are  the  China  and  Green  Elephant,  both  from 
Jamaica,  which  are  stated  to  be  closely  allied  to  the  canes  in 
Group  III,  but  to  differ  essentially  in  habits  of  growth  and  ra- 
tooning. 

In  Group  VIII  are  the  Cuban  and  Sacuri,  also  from  Jamaica. 

Harrison  and  Jenman,^  in  describing  the  canes  growing  in 
the  British  Guiana  Botanical  GardeUvS,  give  as  synonymous: 
Bcmrbon,  China  II,  Cuban,  Lahaina,  Band>oo  II,  Otaheite. 
They  describe,  but  do  rwt  identify,  in  any  way,  canes  under  the 
names  of  Keni-Keni,  Jamaica  Ele))hant,  Singapore,  (liina. 

Comparing  the  statements  we  have  collated  above,  all  of  which 
come  from  trained  and  experienced  observers,  contradictions  in 
nomenclature  are  numerous.  Thus,  following  Stubbs,  ^*Cuban,*' 
"Otaheite"  and  **Lahaina"  are  three  different  canes,  whilst  ac- 
cording to  Harrison  and  Jenman  they  are  identical;  again, 
Stubbs  identifies  Lahaina  and  Keni-Keni,  while  Harrison  and 
Jenman  separate  these  canes  into  two  varieties;  further,  Delteil 
and  Wray  agree  in  the  identity  of  Singa])ore,  Bourbon  aiul 
Otaheite,  but  Harrison  and  Jenman  divide  the  first  named  from 
the  last  two. 

This  confusion  can,  we  think,  be  readily  accounted  for  on  the 
sup])osition  that  there  are  tiro^  or  more,  similar  but  distinct 
canes  originating  in  the  island  of  Otaheite;  these  canes  have 
been  introduced  into  all  cane-growing  districts,  and  have  been 
exchanged  from  district  to  district ;  in  this  way  the  names  given 
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to  these  canes  have  multiplied,  and  the  name  proper  to  one 
variety  has  become  attached  to  another;  and  in  all  probability 
where  these  canes  are  cultivated  the  two  or  more  varieties  may 
be  growing  in  the  same  field  as  one  variety. 

We  were  led  to  this  c(mclusi<m  from  a  stu<ly  of  the  literature 
of  the  cane,  and  this  view  is  confirmed  in  the  account  of  the  Ori- 
gin of  the  Lahaina  Cane  which  we  give  below. 

Orujin  of  the  Ijahaina  Cane. 

I^haina  is  a  district  in  the  island  of  Alaui,  in  the  Hawaiian 
Islands,  whence  this  cane  was  distributed  over  the  group,  and 
eventually  to  many  other  cane-growing  districts. 

Its  origin  is  succinctly  told  by  Mr.  I).  I).  Baldwin  in  a  letter 
appearing  in  the  IIaunii<Mi>  Planiers  Monfhhf,  for  May,  1S82, 
and  the  information  there  throws  much  light  on  the  question 
discussed  alK)ve,  and  goes  far  to  prove  that  th<*re  are  at  least  lira 
varieties  of  Otaheite  canes. 

ilr.  Baldwin  states  that  in  1854  ('apt.  Edwards,  in  the  ship 
(leorge  Washington,  brought  /?/v>  varieties  of  cane  from  Otaheile 
(no/  from  the  Marquesas)  ;  these  two  varieties  are  now  (1882) 
known  as  Cuban  an<l  Ijahaina,  the  '*('uban"  also  obtaining  the 
name  *'()udinot."  To  the  **Cuban''  was  also  applied  the  term 
Kenikeni,  from  the  native  term  Kinikini — numerous,  in  refer- 
ence to  the  ])rolific  nature  of  the  cane. 

Mr.  Baldwin  thus  distinguishes  l)etvveen  these  two  canes. 
fjahnin/i.     Long  stra'ght  leaves  of  light  color,  heavily  aculeated, 
or  covered  with  prickles  at  the  base,  with  small  round  promi- 
iK*nt  buds. 

Cuban,  Leaves  of  darker  green,  bending  down  in  graceful 
curves,  with  no  prickles,  and  large  triangular  buds  located  in 
little  cavities  on  the  side  of  the  cane  stalk. 

ilr.  Baldwin  further  states  that  in  18H1-2,  Cuban  was  the 
favorite  cane,  and  that  it  afterwards  gave  way  to  Lahnina,  the 
latter  possessing  these  advantages:  rapid  growth,  deep  r<K)ting, 
hard  rind  when  mature,  su])erior  richness  of  juice,  firm,  com- 
pact fibre,  making  the  trash  easy  to  handle,  and  enhancing  its 
value  as  fuel. 

I'hat  it  is  possible  that  there  are  two  varieties  of  this  cane  is, 
we  submit,  a  matter  of  no  inconsiderable  interest.  The  yiehls 
obtained  from  the  Lahaina  cane  in  the  Hawaiian  Islands  are 
unsurpassed  elsewhere,  and  under  the  name  of  Bourlxui  and 
Lousier  this  cane,  or  canes,  still  remains  under  extende<l  cnltl- 
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vation  in  Demorara  and  ^lauritius,  and  in  the  former  district 
it  has  formed  the  basis  of  comparison  in  the  extended  trials,  the 
results  of  which  have  been  annually  published  by  J.  B.  Harri- 
son. 

This  view  that  the  cane  called  BonrlM>n  does  not  represent  an 
unmixed  strain  is  not  now  put  forward  for  the  first  time;  on 
fiitirely  different  lines  of  reasoning,  and  chiefly  based  on  field 
observations,  J.  IL  Hart,^  in  Trinidad,  has  expressed  the  view- 
that  the  Bourbon  cane  in  Trinidad  includes  many  varieties  of 
yellow  cane. 

Irretjularities  in  Nomenclature. 

DelteiP  states  that  the  term  Otaheite  is  in  Bourbon  applied 
to  a  purple  cane,  and  Fawcett^  also  classifies  a  purple  cane  im- 
(ler  this  name.  Soltwedel^  illustrates  the  Ix^ethers  (Lousier) 
cane  of  Java  as  a  brow^n  cane,  and  in  this  he  is  followed  by 
Kniger.^  Alfred  Watts*  described  the  Lousier  as  grown  in 
Pemambuco  as  a  '*dark  red  cane,  with  a  very  dark  green,  al- 
most black,  stripe,  scarcely  visible,  turning  brick  red  when  ripe, 
with  hard  rind  and  very  heavy."  This  description  applies  lo 
the  cane  discussed  below  under  the  name  *H.^avengerie."  Stubbs 
separates  the  Bourbon  as  sent  to  him  from  Trinidad  from  tlie 
Otaheite,  etc.,  and  identifies  it  with  *' Light  Java,"  etc.  (see  be- 
low), but  in  a  letter  one  of  us  received  from  him  in  1903  he 
writes  '*I  have  long  since  been  convinced  that  the  Bourbcm  cane 
I  have  is  not  the  liourbon  alluded  to  by  several  of  the  corrfb- 
pondents."      C'ousins^^   separates    the    Bourbon    and    Otaheite 

canes,   and   writes  " the  White   Transparent  or  Mont 

Blanc  cane  (which  would  appear  to  be  identical  with  the  so-call- 
ed Otaheite  cane  introduced  by  Captain  Bligh.  .  . ) .  .  ."  Tie- 
mann,^^  referring  to  canes  in  Eg^vpt,  writes  **This  red  cane 
springs  apparentlv  from  the  Bourbon,  or  else  is  identical  with 
it." 

Portii^-  is  descril)ed  in  a  report  of  date  1869,  from  the  "Royal 
Botanic  Gardens  of  ilauritius,  as  a  chalky  gray  colored  cane, 
spreading  in  habit, — highly  s])oken  of  in  the  Straits.  It  is 
spoken  of  as  likely  to  l)e  one  of  the  best  sugar-producing  canes 
in  the  colony  (Mauritius).  Portii  is  stated  by  Stubbs  to  have 
come  to  Cuba  from  Mauritius,  and  thence  to  T^ouisiana ;  this  is 
evidently  a  case  of  name  transference  from  one  cane  to  another, 
as  Stubbs  positively  identifies  Portii  as  the  same  as  Lahaina. 
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Suggested  Nomenclature, 

In  all  cases  we  think  that  the  original  home  of  a  variety 
should  be  used  in  naming  a  cane,  and  for  this  reason  we  prefei 
Otaheite  to  Lahaina,  Bourbon,  I^ouzier,  etc.,  although  these 
names  are  firmly  established,  and  will  probably  remain  so  in  the 
respective  districts  where  they  are  in  U8(\ 

The  **Batavian"  on  '^Transparent"  Canes. 

Under  this  heading  we  propose  to  collate  the  literature  of  the 
canes  known  as  White  and  Purple  Transparent  in  the  British 
West  Indies,  as  Rose  and  Dark  Bamboo  in  these  Islands,  and 
also  known  under  a  great  variety  of  names. 

The  earliest  mention  of  these  canes  occurs,  so  far  as  we  know, 
in  Wray,^^  who  writes:  *'The  Batavian  canes  with  which  I  am 
acquainted  are  of  four  descriptions,  viz:  the  yellow  violet,  the 
purple  violet  or  Java  cane,  the  'transparent'  or  ribbon  cane,  and 
the  Tibboo  Batavee  or  Batavian,  of  the  Straits." 

*'  'The  yellow  violet,'  so  designated  in  the  West  Indies,  diflfers 
from  the  Bourlxm  in  being  smaller,  less  juicy,  correspondingly 
harder,  of  slower  growth,  and  of  a  foliage  much  darker  and  more 
erect.  The  yellow  violet  d(x»s  not  require  so  rich  a  soil  as  the 
Otaheite,  but  contents  itself  with  that  of  an  inferior  descri})- 
tion." 

Of  the  "purple  violet"  or  large  black  cane  of  Java,  he  writes 
that  the  very  upper  joints  sometimes  exhibit  faint  streaks  which 
b(»come  imperceptible  in  the  lower  joints,  and  that  frequently 
the  cane  is  encrnsted  with  a  white  resinous  film ;  in  the  Straits 
the  Malays  call  it  TiblxM)  Etam,  or  Black  cane. 

Of  the  transparent  or  ribbon  cane  he  writes  that  it  is  much 
smaller  in  size  than  the  Otaheite  ribl)on ;  that  it  is  of  a  bright 
transparent  yellow,  with  a  number  of  blood  red  streaks  or 
stripes. 

Delteil^  gives  as  syncmymous  Otaheite  (in  Bourl)on),  Belon- 
guet  (in  Mauritius),  Purple  Batavian,  Purple  Violet,  Tibboo 
Etam,  and  Tabor  Xnma.  Stubbs*  first  group  of  white,  green  or 
yellow  canes  includes  as  synonyms  La  Pice,  Panachee,  T^  Sas- 
sier, TiblKH)  Mird  (from  Manila),  Bourlnm  (from  Trinidad), 
Crystallina,  Green,  Light  Java,  Hope. 

In  Group  V  of  the  same  class  is  placed  Rose  Bamboo,  receiver 
from  Hawaii.  This  separation  of  Rose  Bamlxm  from  Tibboo 
Mird  is  remarkable^  as  at  this  Station  these  canes  are  identical, 
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the  Tibboo  ilird  we  have  having  l)een  received  directly  from 
Louisiana. 

In  Group  II  of  the  striped  canes,  Stubbs  gives  four  identical 
canes, — the  Red  Ribbon,  Striped  Mexican,  Batavian,  and  Home 
Ribbon ;  Dr.  Stubbs  states  that  this  variety  came  orginally  from 
Tahiti,  and  that  it  is  usually  known  as  the  Otaheite  Ribbon  cane. 

In  Group  III  of  Stubbs'  third  class  is  the  Black  Java,  stated 
to  be  a  sport  from  the  Red  Ribbon,  and  to  be  identical  with  the 
Ix)uisiana  Purple  cane. 

In  Harrison's  and  Jenman's  list  of  canes  under  cultivation 
in  the  British  Guiana  Botanical  Gardens  the  following  synon- 
yms are  given : 

Red  Riblxm — Si^ete — Striped  Singajmre. 

White  Transparent — Caledonian  Queen — Mamuri — Rappoe. 

Puq:>le  Transparent — Java — Purple  Mauritius — Queensland 
Creole — Meera. 

From  our  own  experience  in  Demerara,  Mauritius  and  Ha- 
waii, we  have  no  hesitation  in  saying  that  it  is  impossible  to 
diiTerentiate  l)etw(»en  the  White  Transparent  or  Caledonian 
Queen  of  the  West  Indies,  and  the  Rose  BamlM)o  of  Hawaii  and 
Mauritius;  in  addition,  a  cane  grown  to  a  limited  extent  in  Mau- 
ritius under  the  name  Striped  Bamboo  is  identified  by  one  of 
us  as  identical  with  the  Red  Ribbon,  Striped  Louisiana,  etc.  In 
Fiji  the  Striped  Bamboo  is  known  as  Mauritius  Ribbon. 

In  a  subsequent  paragraph  we  deal  more  fully  with  the  cpies- 
tioii  of  s|x>rts,  and  for  the  moment  we  take  it  as  established  Dy 
means  of  the  authorities  that  we  have  (pioted  above  that  the 
self-colored  light  and  dark  canes  mentioned  in  the  preceding 
lines  are  sports  from  the  riblx)n  cane  identical  with  that  describ- 
ed by  Wray  as  the  ^^Transparent  Cane,"  and  that  Wray's  ** Yel- 
low Violet"  is  the  White  Transparent  or  Rose  Bamboo,  and  thnt 
his  "Purple  Violet"  is  the  Black  Java  or  Louisiana  Purple,  or 
Purple  Transparent.  We  have  not  been  able  to  obtain  any  ac- 
count of  the  origin  of  the  tenns  Bamboo  or  Transparent,  as  ap- 
plied to  these  self  colored  canes  here  treated  of;  we  are,  however, 
inclined  to  connect  them  with  the  term  ^'Striped  Bamboo,"  as 
ai)plie<l  to  the  ribbon  cane  in  Mauritius,  and  with  Wray's  term 
of  ^'Transparent"  or  ribbon  cane,  and  suggest  that  it  was  with 
full  knowledge  of  the  origin  of  these  canes  as  sports  from  a 
striped  cane  that  the  names  arose. 
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The  Cheribon  Cane. 

In  the  literature  of  the  cane,  esjKH'ialJy  as  it  relates  to  Java, 
the  CherilMm  eane  is  frcnjuently  mentioned,  and  it  has  there  oc- 
cupied a  iH>sition  analo^()ns  to  that  m^cnpied  in  the  British  West 
Indies  hv  the  Bourbon. 

One  of  us,^*  trusting  to  the  verbal  statement  of  a  gentleman 
who  had  k^en  for  many  years  in  Java,  stated  that  this  cane  \\"d> 
the  same  as  one  discussed  below  as  the  Striped  Tanna ;  this  state- 
ment we  now  know  to  Ik*  quite  incorrect.  The  description  of 
this  cane  by  Krugc»r  leaves  no  doubt  that  this  cane  is  none  other 
than  that  already  d(»scril)ed  as  **Black  Java,"  *' Purple  Trans- 
parent," and  ^'Queensland  Oeole."  A  categorical  statement 
to  this  effect,  which  we  quote  below,  has  lately  api)eared,  due  to 
Kruger:^^  *'In  Barbados  a  little  Bourlnm  still  is  grown,  but  the 
*  Purple  Transparent'  (probably  identical  with  the  Cheril)on) 
is  chiefly  planted,  then  the  'Ribbon  Transparent'  and  the  *\Vhitc 
Transparent'  (which  are  presuuiablv  the  Striped  Cherilxm  and 
the  White  (Vribon)." 

Si/nonymy, 

To  these  canes  have  Ikhmi  given  a  gn^at  nund)er  of  names, 
which  we  collect  below : 

Stn'iH'd  niriety.  Transparent,  Striped  Mexican,  Louisiana 
Striped,  San  Salvador,  Striped  Singapore,  Striped  Bamboo, 
Ked  Riblxm,  Seete,  Striped  ClierilKm,  Home  Ribbon,  Mauritius 
RiblM)n.  A  cane  very  similar  to  this  stri|)ed  variety  has  l^en 
grown  in  Fiji,  we  understand,  under  the  name  of  Striped  or 
Mauritius  (jingham.  Its  distinguishing  features  are  the  ab- 
sence of  bjoimi  and  its  great  susceptibility  to  gumming  disease. 

Li(/hf  colored  rari-ety.  Yellow  Violet,  La  Pice,  I^  Sassier, 
Panach(»e,  Rose  Bamboo,  Mexican  Bamln^o,  White  Transparent, 
Xaga  B,  Blue,  noj)e,  Light  Java,  Mont  Blanc,  Rappoh,  Cry- 
stnllina,  Tibboo  Mird,  (ireen,  Mamuri,  Yellow  Singapore.* 

Dark  colonic!  rariefy.  Louisiana  Purple,  Black  Java,  Purple 
Trans|)arent,  Black  dieribon,  Tibl)oo  Etam,  Purple  Violet, 
Belouguet,  Tabor  Numa,  Queensland  Creole,  Purple  Mauritius, 
Pur|>le  riand^K),  Moore's  Purple. 

*  In  Fiji  the  Yellow  Singapore  and  Rose  Bamboo  are.  we,  under- 
stand, distinguished  from  each  other  by  a  difference  in  the  degree  of 
lasseling,  a  characteristic  which  might  possibly  be  influenced  by  pre- 
vious environment. 
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IrregvJaHties  m  Nomenclature, 

Delteil^  gives  Otaheite  as  a  synonym  of  the  dark  colored 
variety  in  Bourbon,  whence  perhaps  comes  the  purple  cane  call- 
ed Otaheite  by  Fawcett.  (.'ousins^^  suggests  that  the  White 
Transparent  or  Mont  Blanc  cane  is  identical  with  the  so-called 
Otaheite  cane  introduced  by  Capt.  Bligh  into  Jamaica.  Stubbs' 
inclusicm  of  Bourbon  amongst  the  other  synonyms  of  the  light 
colored  variety,  and  his  separation  of  Rose  Bamboo  have  already 
been  discussed ;  he  further  states  that  the  striped  variety  came 
originally  from  Tahiti,  and  is  generally  known  as  the  Otaheite 
Ribbon  cane;  Wray,  however,  particularly  distinguishes  be- 
tween the  '^Transparent''  cane  and  the  Otaheite  Ribbon  cane, 
which,  from  \V ray's  description  we  take  to  be  that  discussed  be- 
low under  the  name  Striped  Tanna.  Harrison  and  Jenman^ 
give  Meera  as  a  synonym  of  their  Purple  Transparent;  Meera 
is  a  Malay  term  for  red,  and  the  Tibboo  Meera  of  Java  describ- 
ed and  figured  by  SoltwedeF  is  a  dull  brick  red  cane  quite  dis- 
tinct from  the  Purple  Transparent.  Soltwedel  figures  Tibboo 
Rappoh  as  a  cane  of  a  peculiar  greenish  brown  color,  with  a  well 
marked  bluish  white  layer  of  wax  (?)  at  the  node,  and  Tibboo 
Rappoh  Kiang  as  a  purplish  cane. 

Judging  from  a  report ^^  on  new  varieties  of  canes  from  the 
Royal  Botanical  Gardens  of  Mauritius,  for  1869,  Rappoh  seems 
to  be  a  generic  term  applied  to  canes,  similar  to  the  East  Tndian 
terms  Meera — any  red  cane,  or  Soerat — any  striped  cane ;  prob- 
ably one  of  these  varieties  identical  with  the  Rose  Bamboo,  etc., 
has  found  its  way  to  Queensland,  where  the  term  Rappoh  has 
l)oeonie  restricted  to  it  and  it  alone.  In  the  report  mentioned, 
the  term   Rappoh  appears  as  under:     **Rappoe   (a  worthless 

variety)    Rappoe  Maeda    Rappoe  Koenig 

(apparently   a   worthless   variety)    Aboe   White   or 

White  Rappoe." 

In  a  very  early  reference  in  the  Annual  of  Scientific  Dis- 
covery, 1851,  mention  is  made  of  Crystallina,  Chalk  or  Salan- 
gore,  recently  introduced  into  Louisiana,  and  superior  to  any 
other  variety.  Tryon^^  mentions  that  the  cane  called  Oheribon  in 
Queensland  is  the  same  as  that  called  Port  Mackay  (see  Ca- 
vengerie  belo\v).  Fawcett  describes  Seete  as  a  green  cane,  white 
when  ripe,  and  Dahl  and  Arendrup^^  also  give  it  as  a  greenish 
yellow,  or  white,  cane. 
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S  at  J  (jested  No  m^uclature. 

The  tonus  **HaiiilMH)"  and  ^'Transparent"  are  tirmly  attached 
to  these  varieties,  hut  nevertlieless  we  think  that  a  topographical 
nomenclature  would  Ik'  more  proper.  Wray,  the  earliest  author- 
ity, (Km^s  woX  trace  this  cane  to  Otaheite,  and  distinctly  calls 
them  Batavian  canes,  hence  the  terms  Light,  Purple  and  Strii>ed 
Java  wouhl  Im»  suitahle;  in  Java  they  are  known  as  the  White, 
Black  and  Striin^l  Cheribon  canes,  and  as  such  they  are  fre- 
quently mentioned  in  the  Java  **Archief.*"  For  this  reason  we 
think  that  **(1ierilMm''  is  the  best  tenn  to  apply  to  them,  as  in 
this  way  a  topograjdiical  system  of  nomenclature  is  retained. 

TiiK  Ykllow  Cai.kdoma  and  Tanxa  ('axes. 

In  Buljctin  Xo.  10  of  the  Division  of  Agriculture  and  Chem- 
istry one  of  us  wrote. 

'*\Vhite  BamlHM),  Queensland   Xo.   7,   Yellow  Cale- 
donia, and  the  unstriped  cane  which  occasionally  ap- 
pears in  a  stool  of  Big  RiblMm  are  closely  allied;  in 
fact,  between   White   Band)oo  and    Yellow  Caledonia 
there  appears  to  U'  no  <Htference,  and  after  four  years 
trial    it    is    impossible    to   distinguish    one   from    the* 
other.'' 
This  exj)ressi(m  of  opinion  with  respect  to  the  apparent  iden- 
tity of  the  light  coh»red  sport  from  Big  Ribbon  with  the  Yel- 
low Cah'donia  or  White  Tanna  has  now  l)een  entirely  confirmed. 
We  are  satisfied,  however,  that  a  ccmsignment  of  cuttings  re- 
ceived at  this  Station  under  the  name  White  Baml)oo  lK)re  the 
name  by  mistake,  and  should  have  been  labeled  YeUow  Cale- 
donia.      The   fact   that   (Queensland    Xo  7    is   a   seedling  cane 
naturally  separates  it  from  the  Yellow  Caledonia,  although  un- 
der Hawaiian  conditions  they  Ix^ar  no  distinguishing  external 
features,  so  far  as  we  have  observed.     The  following  may  be  put 
down  as  synonyms : 

Big  Ribbon — Striped  Tanna,  also  possiblv  Gingham  and 
Maillard. 

Yellow  Caleclonia — White  Tanna — Malabar  (in  Fiji) — 
(ireen  Tanna. 

As  regard-^  the  origin  of  these  canes,  we  recall  that  Wray 
states  there  are  two  Otaheite  canes,  the  yellow  or  straw-colored, 
and  the  ]^ur])le  stri])ped  or  ribbon  ;  this  latter  he  descril>es  as 
much  larger  than  the  riblnjii  cane  of  Ratavia,  and  with  a  much 
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'larkor  folinge ;  its  coloring  he  gives  as  a  l)roa<l  piir})le  stripe  oii 
a  greenish  yellow  ground,  as  contrasted  with  the  blood  red 
stripes  on  a  transparent  stravv-eoh)red  ground  of  the  Batavian 
ribbon  cane;  this  description,  so  far  as  it  goes,  tits  the  Big  Rib- 
lK)n,  and  Delteil  givers  the  following  synonvniV: 

Otaheite  Ribbon  ( Wray) — Gingham — Maillanl — Tabor 
S<xjrat*  (in  Java). 

In  a  verbal  coniniunication,  however,  to  one  of  us,  Mr.  James 
nark  has  referred  to  the  Stri|)ed  or  ^lauritius  Gingham  as  be- 
ing subject  to  **gimnning"  more  than  other  varieties  grown  in 
Fiji;  this  wouhl  lead  one  to  doubt  the  definite  identification  of 
Otaheite  Ribbon  with  Big  Ribbon.  The  latter  as  a  Tanna  cane 
is  known  to  be  especially  resistant  to  gumming  in  Queensland. 
II r.  Glark,  who  is  well  acquainted  with  the  Striped  Tanna  varie- 
ty, has,  to  one  of  us,  likened  ihe  Mauritius  Gingham  to  the  Strip- 
ed Singapore,  and  mentioned  the  absence  of  bloom  as  its  chief 
differing  characteristic.  It  is  therefore  ]K)ssible  that  either 
Otaheite  Kibbon  is  not  synonymous  with  Big  Bibbon,  or  that 
there  are  two  distinct  canes  grown  under  the  nanu*  of  Gingham. 
As  we  have  fcmnd  references  to  a  cane  called  *' False  Gingham," 
it  is  possible  that  this  is  the  variety  grown  in  Fiji. 

Wray  also  describes,  but  not  t(K)  clearly,  a  cane  originating 
from  the  islantl  of  Tanna,  in  the  Now  Hebrides,  lie  says  '^The 
Tiblwo  Teelor  (or  e^g  cane)  has  long  been  deemed  to  be  the 
Otaheite  cane  bv  the  planters  of  Province  Wellesley,  but  quite 
erroneously.  Tt  is  evidently  the  cane  described  by  Cook  and 
other  navigators  as  peculiar  to  the  island  of  Tanna,  one  of  the 
Xew  Hebrides."  The  ({notation  from  Cook's  Voyages,  quoted 
from  memory  by  Wray,  is  given  correctly  below  :^^ 

"The  bread-fruit,  cocoanuts  and  plantains  are  neith- 
er so  plentiful  nor  so  good  as  at  Otaheite :  on  the  other 
hand,  sugar  canes  and  yams  are  not  only  in  greater 
plenty,  but  of  superior  quality  and  much  larger." 

Wray  states  that  this  cane  was  introduced  into  Manila  many 
years  ago,  (he  wrote  in  1848),  and  thence  found  its  way  to  Sing- 
apoi'e;  he  remarks  on  its  extreme  cleanness  and  absence  of  itch, 
the  curious  manner  in  which  it  bulges  out  between  the  joints,  its 
pecidiari ty  in  shedding  its  leaves  as  they  Ixvome  dry,  and  on  its 
brittle  nature.     With  the  excej)tion  of  the  bulging  internodes 

•  This  last  term  is  confusing,  as  the  name  simply  means  Ribbon 
cane,  and  is  applied  to  any  ribbon  cane. 
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this  description  tallies  closely  with  that  of  the  Yellow  Caledonia 
or  White  Tanna,  and  it  is  possible  that  tliis  is  the  same  cane  that 
Wray  describes  as  Tibboo  Teelor,  and  attributes  to  the  Island 
of  Tanna.  This  island  lies  quite  close  to  New  Caledonia,  and 
it  is  reasonable  to  supi)ose  that  the  same  varieties  of  cane  would 
exist  in  the  two  islands;  the  name  "Yellow  Caledonia"  then  may 
eoniK»ct  the  origin  of  this  cane  with  the  island  of  Xew  Caledonia. 
If  Wray's  New  Hebrides  cane  was  called  **Tibboo  Teelor"  or 
egg  cane  from  the  fact  that  the  internodes  were  sufficiently  oval 
to  suggest  such  a  name  naturally  it  was  distinct  from  our  Yel- 
low Caledonia  of  to-day.  Concerning  the  origin  of  the  tenn 
''Tibboo  Teelor"  we  have  found  no  information. 

Of  the  cane  known  as  Black  Tanna  we  have  found  no  synon- 
yms. 
Irregularity  in  Nomenclature. 

Kruger^  describes  as  Tibboo  Kunning  or  Tibboo  Teelor  a  cane 
of  a  handsome  yolk  yellow  coloring,  with  very  conspicuous  de- 
pressions at  the  eyes,  and  with  more  or  less  convex  internodes; 
this  cane  is  figured  by  Soltwedel,  but  the  colored  drawing  does 
not  correspond  with  the  cane  that  we  know  as  Yellow  Caledonia. 

The  Salangore  Cane. 

This  variety  is  not  cultivated  in  these  Islands,  and  when  tried 
experimentally  some  years  ago  at  the  Experiment  Station  was 
so  pronounced  a  failure  that  its  further  trial  was  abandoned. 
It  is  cultivated  apparently  to  some  extent  in  Porto  Rico,  since 
Cook  and  Collins^^  write  **.  .  .  .  but  the  Salangore  variety 
has  been  preferred  of  late  years,  as  more  resistant  to  disease." 

The  history  of  this  variety,  so  far  as  we  have  been  able  to 
trace  it,  is  as  follows : 

Wray,^^  writing  in  1848,  speaks  in  the  highest  terms  of  the 
variety,  calling  it  the  finest  in  the  world;  he  gives  as  synonyms 
the  native  terms  Tibboo  Ca})or  and  Tiblx)o  Beltong  Berabou,  and 
comments  on  the  large  amount  of  cane  wax  found  on  the  stem. 

A  second  early  reference  occurs  in  the  Annual  of  Scientific 
Discovery,  l**^;")!,  when  it  is  stated  that  the  Cr^'stallina,  or  Chalk, 
or  Salangore  cane  recently  introduced  into  Louisiana  is  superior 
to  any  other. 

DelteiP  ogives  as  synonyms  of  the  Salangore,  Chinese  cane  (iu 
Bourbon)  and  Penang  cane;  he  describes  it  as  a  green  cane  cov- 
vvvi]  with  a  dirty  greyish  brown  wax,  and  says  that  in  Bourbon 
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and  ilauritins  planters  are  far  from  sharing  Wray's  opinion. 
Harrison  and  Jenman'''  give  as  a  synonvm  (in  Demerara), 
White  ^lanritins,  and  doscribt*  it  as  much  under  average  height, 
mneh  under  average  length  of  internodes,  and  of  nearly  average 
prth,  while  Faweett  <leseril)es  it  as  of  stout,  upright  habit,  and 
of  rapid  and  luxuriant  growth. 

Another  reference  api)ears  in  an  anonymous  contribution  deal- 
ing with  Queensland  canes  :-^  '*A  cane  which  1  think  would  do 
well  tliere  is  the  Salangore.  It  is  of  very  erect  habit,  ratoons 
well,  and  yi(  Ids  a  juice  rich  in  saccharine  matter,  and  easy  of 
clarification.  It  has  somewhat  more  fil)er  than  the  Otaheite,  and 
grows  the  greatest  wtMght  per  foot  of  any  cane  I  have  ever  s(^en, 
sometimes  almost  two  poun(!s  weight  i)er  foot  of  cane." 

The*e  descriptions  are  so  diametrically  opposed  that  it  might 
appear  that  two  canes  are  included  in  the  name  Salangore,  but 
this  peculiarity  of  giving  both  heavy  and  scanty  crops  is  thus 
referred  to  by  Harrison:"^ 

'*Some  of  us  will  doubtless  recollect  the  time  when 
Mr.  A.  would  plant  a  few  acres  of  Salangore  cane  in 
the  hopes  of  getting  better  field  returns  arul  richer  cane 
juice;  how^  these  Salangores  in  some  years  flourished 
and  raised  hopes  of  heavy  returns  of  sugar;  how  in 
others  they  unacctmntably  languished  ;  but  how,  wheth- 
er they  flourished  or  languished,  one  thing  invariably 
characterized  them — miserably  poor  juice  and  conse- 
quent loss  of  money." 

JnrguJnrlfirs  of  NomPriclafiire, 

In  the  (piotation  fr<mi  the  Annual  of  Scientific  Discovery  giv- 
pn  above,  Salangore  is  put  eipuil  to  Crystallina,  and  elsewhere 
^vc  have  (pioted  Oystallina  as  <me  of  the  synonyms  of  Kose  Bam- 
^^  White  Transparent,  etc.  Purdic'"  in  Trinidad,  provision- 
^ll.v  named  two  canes  there  Green  Salangore  and  Violet  Salan- 
i?ore;  of  the  former  he  says  that  it  is  not  so  bright  as  a  well 
npened  Otaheite,  is  of  erect  habit,  and  is  the  largest  yellow  cane 
in  Trinidad ;  its  foliage  is  large,  heavy  and  deciduous,  and  it  is 
further  characterized  by  a  broad  wdiite  rim  below  each  joint. 
This  description  coincides  closely  with  the  characteristics  of  a 
bellow  Caledonia  or  White  Tanna  can(*. 
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The  Cavengerie  Cane. 

This  cane  is  ^ivcu  bv  Stiihhs^  as  synonymous  with  Altamattie 
and  Po-a-ole.  Tho  eano  wliich  we  have  here  muler  the  name 
Cavengerie,  and  evi<lently  the  same  as  that  des<.'ril)ed  by  Stubbd, 
is  a  dark  elaret  eane,  with  a  narrow,  inconspicuous,  yet  well  de- 
fined bronze  green,  almost  black,  stri|H\  This  cane  is,  from 
the  j)ersonal  knowledge  (»f  one  of  us,  to  be  identified  with  that 
known  in  Miuiritius  as  Port  ^lackay,  wdiere  it  is  under  cultiva- 
tion to  a  fair  extent.  In  some  parts  of  the  Hawaiian  Islands 
this  cane  is  termed  '* Bullock  Heart." 

Irre(julariiies  in  Xotnen4'la4ure. 

Kruger^  describes  a  cane  known  in  Java  as  Port  Mackay  as  a 
yellow  green  cane  with  vry  handsome  prominent  brown  blotches 
where  sun  exposed.  Alfred  Watts'^  description  of  the  cane  call- 
ed Louzier  in  Pernamlnico  exactly  tits  the  cane  that  we  know  as 
( 'av(»ngerie.  Tryon,^^  iii  an  article  (m  cane  varieties, .states  that 
the  Port  Mackay  of  .Mauritius  is  in  Queensland  called  (Tieribon. 
A  cane  shown  to  one  of  us  wben  resident  in  Mauritius  as  Caven- 
gerie, or  Scavenger,  and  of  only  occasional  occurrence,  was  a 
totally  distinct  varic  ty  f  nmi  the  <me  we  know  here  as  Cavengerie. 

In  these  islands  tiie  name  Altamattie  has  l)een  incorrectly  ap- 
plied to  a  green  cane*  conspicuous  for  an  epidermal  covering  of 
hairs. 

Bamboo  Canes. 

The  name  ^'BandxM)"  has  been  applied  to  a  large  numl)er  of 
canes  in  no  way  connected.  In  a  previous  paragraph  we  have 
collate(I  the  ref(M-(Mices  in  the  literature  to  the  Rose,  Purple  and 
Striped  Bamboo;  references  to  other  '*BandM)o"  canes  are  includ- 
ed Ixdow. 

In  lIarrison^s  and  Jenman's''  list  of  canes  growing  in  the 
British  (Jninua  Botanical  Gardens,  Bamboo  TTT  appears  as  a 
synonym  of  Bourbon,  and  Bamboo  I  and  TI  as  synonymous  with 
Alelig:di  jumI  Demerara.  The  Band)oo  described  by  DelteiP  and 
by  Stubbs"*  i^  i)y  both  authorities  given  as  a  synonym  with  the 
Kullore  or  KuIIom  cane  of  Bengal ;  this  cane,  under  the  spelling 
CnlleroMh,  is  also  referred  to  by  Porter,^^  who  describes  it  as  a 
light  Cfdored  (*ane,  growing  to  a  great  height,  and  to  be  found  on 
swam])v  ground.  It  is  described  as  of  a  mixed  yellow  pale  green 
and  ]unk  color  by  Delteil,  Stubbs,  in  addition,  calling  attention 
to  its  enlargecl  nodes  and  pnmiinent  eyes. 
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A  eaue  successful  lu  higher  elevations  in  these  islands  is  that 
known  as  '^ Yellow  Bamboo;"  an  account  of  the  origin  of  this 
cane  is  to  he  found  in  the  Hawaiian  Planters'  Monthly,  Vol. 
Vlll,  p.  7,  but  we  do  not  accept  the  conclusion  there  arrived  at 
that  this  cane  is  a  *'graft."  This  variety  can  be  described  as  a 
rather  small  yellow  cane,  with  a  narrow  rich  green  leaf,  the 
sheath  of  which  is  thickly  covered  with  prickles.  The  inter- 
nodes  are  slightly  convex,  and  the  eye  small  and  round.  The 
ground  tissue  is  distinctly  yellow. 

Red  Canes. 

Wray  mentions  and  suggests  the  identy  of  certain  red  canes 
growing  in  Bengal,  Assam  and  ilalacca,  and  states  that  the  Ma- 
lay name  for  these  is  Tibb(K>  Merah ;  Krnger^  mentions  two 
canes  to  which  this  term  is  applied,  one  qualified  by  a  place 
name,  Tibboo  Merah  Borneo,  and  one  simply  as  Tibboo  Merah ; 
ilerah  is  al-.o  given  as  a  synonym  of  the  Purple  Transparent  of 
Denierara,  and  in  this  instance  we  take  it  that  Merah  is  the  Ma- 
lay term  loosely  applied  to  any  red  or  purple  cane.  Tibboo 
Merah  is  figured  by  SoltwedeP^  as  a  brick  red  cane,  and  from 
a  recent  visitor  to  this  Staticm  we  understand  that  this  is  the 
cane  also  known  as  Merah  in  Queensland  and  Fiji. 

The  Stkiped  Tip  Cane. 

This  cauv  is  luring  grown  with  some  success  at  the  higher  ele- 
vations in  these  islands.  It  can  be  described  as  a  small,  thickly 
stooling,  er(^*t  cane,  with  dark  red  and  pinkish  green  stripes,  the 
dark  red  changing  on  exposure  to  a  yellowish  red,  and  the  pink- 
ish green  to  a  yellow;  tlie  stripes  are  very  irregular  as  to  width 
and  length.  The  sheaths  of  the  young  green  leaves  have  light 
l)nrplish  margins,  and  are  covered  with  long  prickles,  the  latter 
rubbing  off  easily,  and  entirely  disappearing  as  the  leaf  dries  on 
the  stem.  The  eye  is  large,  long  and  t)ointed;  nodes  prominent; 
internodes  concave,  and  slightly  bulging  out  on  the  opposite  side 
of  the  stem  from  the  eye,  which  is  situated  at  the  base  of  a  small 
groove  extending  from  (me  half  inch  to  the  full  length  of  the  in- 
ternode.  This  cane  is  in  some  |)arts  of  Hawaii  occasionally  con- 
fused with  Striped  Singapore,  although  the  two  varieties  bear 
no  resemblance  to  each  other. 

A  cane  which  has  been  grown  in  small  patches  on  Hawaii  for 
some  years  past  und(»r  the  name  '*Fuknown"  has  been  positively 
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identified  as  a  yellow  sport  from  the  Striped  Tip,  and  in  order 
to  eonneet  it  with  its  parent  has  reeently  bet^n  named  Yellow 
Tip*  by  this  Station.  This  sport  may  l)e  deseribed  as  a  slender, 
thiekly  st<M)lin^,  fairly  ereet,  light  green  cane,  which  toward 
matnrity  tnrns  to  a  yellow.  The  leaf  is  light  green,  and  the 
sheaths  bear  wry  few  hairs,  which  rub  off  easily,  and  are  entirc*- 
ly  absent  in  the  dried  leaf.  The  eye  is  large,  long  and  project 
ing,  and  is  situated  in  a  very  slight  groove;  the  intennKles  are 
concave,  and  give  the  stalk  the  general  appearance  of  baniboi^. 
Both  the  Strip(*d  and  Yellow  Tip  canes  are  prolific  ratooners. 

Tiirc  FIi.KPHANT  Cane. 

We  make  no  apology  for  reproducing  the  following  account 
of  I  he  fru('  Klephant  Cane,  <lue  to  Sir  J.  1).  Hooker: 

''This  variety  is  only  cultivated  for  eating  or  chew- 
ing. I  do  not  think  it  would  prove  a  good  sugar  pro- 
ducing cane But  varieties,  especially 

in  tlie  case  of  sugar  canes,  often  im])rove  by  change  of 
climate.  Perhaps  this  might  have  the  good  fortune  to 
succeed  better  elsewhere.  The  dimensions  as  to  diam- 
eter and  height  which  this  variety  attains,  depends  on 
the  length  of  time  during  which  its  growth  continues. 
It  reijuires  in  a  good  soil  two  years  to  reach  10  feet  in 
h(»ight.  After  five  or  six  years  it  may  reach  10  to  82 
feet ;  such  specimens  may  be  seen  near  native  houses, 
where  it  is  allowc^l  to  grow  undisturbed  as  an  orna- 
mental plant.  In  the  province  of  Mytho  this  variety 
is  cultivated  in  humid  alluvial  soils  on  a  considerable 
scale,  but  simply  for  sale  in  the  bazaars  and  for  chew- 
ing. Tt  has  the  peculiarity  of  possessing  a  very  brittle 
epidermal  layer,  so  that  instead  of  becoming  pressed 
out  antl  giving  u])  its  juice  when  })assed  through  the 
wooden  mills  emf)loyed  here,  it  breaks  up  into  small 
fragments.'' 

Ghep:x  Kose  Brnnox. 

Harrison"''  states  that  this  cane,  which  is  cultivated  witli  suc- 
cess in  Australia,  is  identical  with  the  striped  sport  appearing 

*  This  fiport  was  Hrst  grown  on  Hawaii  by  Mr.  John  Watt,  who 
planted  a  number  of  the  yeUow  shoots  appearing  in  a  small  area  of 
Striped  Tip. 
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not  iufreqiieiitly  in  stools  of  Bourbon  cane,  and  to  which  we  re- 
fer more  fully  elsewhere.  As  synonyms"^  he  gives  Green  Rib- 
bon, Malay,  Brisbane,  White  Striped  Bourbon. 

THE  UBA  CANE. 

Of  late  years  a  cane  under  this  name  has  been  frequently 
mentioned,  and  is  stated  to  be  cultivated  with  success  in  Ma- 
deira and  in  Xatal.  We  have  found  the  following  early  refer- 
ences to  this  cane. 

It  was  introduced  into  Mauritius  in  18(11)  from  Brazil,  and  is 
described  as  a  worthless  cane.^^ 

John  Dymond  states  that  the  Uba  cane,  introduced  into  Loui- 
siana from  Brazil,  is  evidently  the  same  as  the  Zwinga,  or  Ja- 
panese cane,^*  it  is  described  as  a  green  W(M)dy  cane  of  great  vi- 
talfty,  and  evidently  suited  to  a  cold  climate. 

Daniel  Dupont. 

Occasionally  in  the  literature  of  the  cane  this  name  appears 
as  synonymous  with  Striped  Tanna  or  Big  Ribbon.  The  Daniel 
Lhipont  we  have  at  this  Station  is  described  below. 

A  small  cane  which,  when  freshly  stripped,  is  characterized 
by  a  mottled  green  and  })ink  coloration  that  on  ex{K>sure  turns  to 
a  green  with  small,  brown  or  dirty  red  patches.  The  k^af  is 
nie<linm  sized,  light  green  and  slightly  mottled  ;  the  sheath  has 
a  purplish  cast,  and  bears  a  light  scattering  of  hairs.  The  eye 
is  prominent  and  rounded;  the  internodes  are  convex,  and  bulge 
out  slightly  on  the  (»pposite  side  from  the  eye,  and  have  little  or 
no  grooving.  The  ground  tissue  of  the  cane  is  pure  white,  and 
the  rind  soft,  with  a  marked  tendency  to  s])lit. 

The  confusion  of  this  cane  with  Strii)ed  Tanna  is  exjdained 
in  the  following  quotation  :^^  ".  .  .  .  to  the  farmer  on 
the  Clarence  River  it  is  i)rol)able  that  the  Striped  Tanna  will  be 
Daniel  Dupont  for  the  rest  of  his  days,  because  it  was  wrongly 
nanje<l  so  when  first  introduced." 

Sports. 

Any  one  who  has  had  to  do  with  striped  canes  must  have  ob- 
^er\-c»d  their  tendency  to  throw  a  light  colored  and  a  dark  colored 
«^]Mirt ;  this  tendency  was  some  few  years  ago  discussed  at  some 
lenirth  in  the  West  Indian  Bulletin,  Vol.  II,  Xo.  4,  where  it  is 
-ifated  that  a  white  sport  obtained  in  Barbados  from  the  ^'R(»d 
Riblx)n"  was  undistinguishable  from  the  ^* Burke,"  and  on  the 
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aiithoritv  of  IMr.  James  Clarke  of  Xorth  Qiieenshiiid  tlial  n 
wJiite  sport  from  Striped  Singapore  was  to  all  intents  and  pur- 
poses identical  with  Kap{)oh.  ' 

A  previous  instance  of  this  sporting  habit  is  recorded  bv  Mel- 
moth  Ilall,-^  who  thus  writes:  'M  have,  in  one  instance,  sf^n 
no  less  than  three  distinct  canes  from  one  stool  of  the  ribbon 
variety — om-  entirely  yellow,  another  entirely  green,  the  others 
being  the  usual  riblxm  canes :  from  other  stools  in  the  same  field 
I  found  canes  either  of  a  uniform  green  purple  or  purplish 
brown,  all  the  rt^st  springing  from  the  same  riblnm  root  being 
strijHMl  in  the  customary  way.  The  cuttings  from  the  sports  per- 
])etuate  the  variet\,  and  have  usually  some  distinctive  proper- 
ties, such  as  rapidity  of  growth,  or  sweetness  of  juice,  notably 
so  in  the  case  of  the  yellow  cane." 

We  think  it  possible  that  this  tendency  to  sport  is  a  fact  of  no 
n^cent  discovery,  and  that  it  lias  probably  been  kno\yn,  though 
not  written  alM)ut,  for  many  years,  and  from  Wray's  original 
term  **Transj)ar(»nt''  ap})lied  to  the  striped  cane  we  trace  the 
terms  **\Vhite  Transparent"  and  ^^Purple  Transparent,"  and 
with  the  ''Striped  Bamboo"  connect  the  names  ''Rose  Bamboo" 
and  ^*I)ark  ('oh)red  BamlKM/';  in  a  similar  way,  in  Java,  the 
same  nnme  ^'('heribon"  has  been  applied  to  three  canes  with  the 
distinguising  prefix  of  '* White,"  "Black"  an<l  ^'Striped." 

An  exactly  analogous  instance  is  afforded  in  the  three  Tanna 
canes,  the  light  colore<l  variety  of  which,  known  in  these  islands 
as  Yellow  Cale<lonia,  in  Mauritius  as  AVliite  Tanna,  and  in 
Fiji  as  Malabar,  is  now  one  of  the  more  important  standard 
varie»ties.  At  one  time  it  was  su])])osed  that  it  w^as  only  striped 
canes  that  threw  sports,  but  this  is  now  known  to*be  incorrect; 
for  instance,  TTarrison  is  respotisible  for  the  following  state- 
ment:^^ ^'Becent  observati<ms  in  our  experimental  fields  have 
shown  that  the  green  cnnes  with  a  cream  colored  or  yellowish 
^tri]>e,  albided  to  on  p.  41  of  my  last  reymrt,  are  sports  from  the 
Bourbon,  and  that  therefore  the  old  Barbados  name  of  ^Striped 
Bourbon'  or  ^White  Striped  Bourbon'  is  the  one  properly  ap- 
plicable to  them."  Also,  a  similar  instance  w^as  observed  at  this 
Station  during  the  rea])ing  of  the  experimental  plots  in  the 
early  part  of  100S ;  that  such  a  ])henomenon  is  frequent  is  a 
matter  of  common  knowled*re  in  ^[auritius. 

So  far  as  onr  experiiMice  has  gone  each  light  colored  sport 
front  a  striped  cane  and  ench  dark  c(dored  sport  is  identical,  but 
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the  canes  of  the  Yellow  Otaheite  type  seem  to  have  the  faculty 
of  throwing  two  distinct  sports ;  one  of  these  is  the  Light  Striped 
Bourbon  cane,  referred  to  by  Harrison,  and  the  other  is  the 
Home  cane.  In  ilauritius  the  fact  that  the  Louzier  throws 
two  types  of  sports  is  generally  recognizeil,  where  both  the  green 
and  yellow  sport  and  the  red  and  yellow  sport  (to  which  the 
name  Ilorne  has  been  given,  after  its  lirst  observer)  are  indif- 
ferently  known  as  Louzier  Kayee. 

We  thiidi  that  this  phenomenon  is  of  considerable  academic 
interest,  as  it  is  analogous  to  l)e  Vries'  classical  observations  in 
variation  conducted  with  Oenothera  Lamarckiana  where  he  ob- 
served that  from  the  parent  plant  the  same  sports  repeatedly 
appeared.  A  further  instance  of  variation  from  a  self  colored 
cane  has  recently  come  to  our  notice,  Mr.  E.  IL  W.  Broadbent, 
of  Grove  Farm  Plantation,  having  forwarded  to  this  Station  a 
green  and  yellow  striped  cane  originating  from  a  stool  of  Yellow 
('ale<lonia,  and  this  we  have  at  the  present  time  under  cultiva- 
tion ;  this  instance  is  of  peculiar  interest,  as  we  have  here  a  case 
of  variation  from  a  striped  cane  to  a  self  colored  cane,  and  then 
back  to  a  striped  cane,  but  different  fnmi  the  parent  striped 
cane. 

From  what  has  been  written  above  it  is  clear  that  at  least 
three  of  the  principal  cultivated  varieties  of  cane,  the  White 
Tauna,  or  Yellow  Caledonia,  the  Rose  Bambcx),  or  White  Trans- 
parent, and  the  Purple  Transparent,  Lcmisiana  Purple  or  Black 
rheribon,  are  bud  sports  fnmi  striped  canes.  So  far  as  we  are 
aware  it  has  never  been  suggested  that  the  Lahaina  ( Bourbon, 
J^uizier,  Otaheite,  etc.)  has  a  similar  origin,  but  the  following 
account  of  the  origin  of  the  Louzier  in  Mauritius,  for  which  we 
are  indebted  to  M.  August  Villele,  goes  very  far  to  show  that 
this  cane  has  had  its  origin  in  this  way.  ^fr.  Villele  in  reply  to 
a  letter  from  one  of  us,  gives  the  follow^ing  information : 

"M.  Lavignac,  a  French  gentlemen  resident  in  Mauritius  in 
1868  or  1869,  introduced  from  Xew^  Caledonia  into  that  colony 
the  canes  known  as  *Branchu  rayee,'  *Branchu  blanche,'  ^Mapou 
Striee,'  *Bois  Bouge,'  *Tamarind,'  and  finally,  the  ^Mignonne,'  a 
red  and  green  striped  cane.  ".  .  .  .  The  Mignonne  was 
planted  at  Ternay  (Grand  Port),  on  an  estate  behmging  to  M. 
Louzier,  a  progressive  gentleman  who  l)enefitted  this  estate  by 
his  labors;  he  noticed  that  the  ^lignonne  gave  self  colored  liglit 
canes;  these  he  cultivated,  and  to  this  variety  was  given  the 
name  Louzier." 
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SLWIMARV  OF  MOKE  IMPORTxVNT  CAXE  NAMES 
MENTIONED. 


Ik»low  are  collected  in  alphalx»tical  order  synonvms  of  tbe 
varieties  treated  of  in  the  for(»going  pages:  a  star  indicates  that 
confusion  in  regard  to  this  name  has  arisen ;  bokl  type  indicates 
the  more  generally  known  names  of  the  canes;  the  places  where 
the  names  are  localized  are  given  in  parentheses. 

Tjik  Vki.low  Otaiikitk  Caxk  ok  Canes. 


Bamboo  II,  Batavian  (Bonrbon),  BorunoN  (West  Indies), 
China  II,  Cuban,  Keni  Keni,  Lahaixa  (Hawaii),  Leeut,  T.ou- 
ziER*  (Mauritius),  Portii,*  Singapore,*  Yellow. 

The  Cuekibon  ok  Wkay's  Batavian  Caxes. 


Striped  Variety: 

Home  Ribkon  (  Louisiana),  Mauritius  Kiblnm  ((Jueenslaml), 
Bed  Kibl)on  (Briti^^h  West  Indi(»s),  San  Salvador,  Seete,*  Strip- 
ed   Bamboo,    Stkipeu    Chekibon    (Java),    Stri])ed    Louisiana 
(Hawaii),  Striped  Mexican,  Striped  Singapore,  Transi)arent. 
Light  Colored  Variety: 

Blue,  Caled(mian  Queen,  Ckvstallina*  (Cuba),  Green, 
Hope,  La  Pice,  Le  Sassier,  Light  Java,  ilamuri,  Mexican  Bam- 
boo, Mont  Blanc,  Xaga  B.,  Panachee,  Rappoh*  (Queensland), 
Rose  Bamboo"*^  (Hawaii),  Tiblnx)  Mird,  White  Tkaxsparent 
( 15ritish  W(»st  Indie?*),  Yellow  Singapore,  Yellow  Violet. 
Dark  Colored  Variety: 

Belouii:uet  (Mauritius),  Black  Chekibon  (Java),  Black 
Java,  LoiisiANA  Purple  (Hawaii),  ^leera,*  Moore's  Purple, 
Otaheite,'^  Purple  Bamboo,  Purple  Mauritius,  Purple  Trans- 
parent (British  W(»st  Indies),  Purple  Violet,  Queensland  Cre- 
ole, Tabor  Xunia,  Tibboo  Etam  (Eastern  Asia). 

TifE  Taxna  Canes. 


Striped  ^"ariety : 

Biir  Ribbon  (Hawaii),  Daniel  T)u])ont,*  Gingham,  Maillard, 
Otaheite  RibbfUi,  Stkipkd  Tanxa  (  Afauritius). 
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Light  ( 'olored  Variety: 

]\lalabar  (Fiji),  Greon  Tanna,  Wuite  Taxna  (Mauritius), 
Yellow  Caledonia  (Hawaii). 
Dark  (^olored  Variety: 

P»lack  Tanna. 

The  Salanoore  Cane. 


(^hinese  Cane  (Bourbon),  Pinang,  Salanoore,  Tibboo  Cap- 
per, Tibboo  Beltong  Berabou. 


The  Cavenoerie  Cane. 


Altamattie,  Cavenoerie  (Hawaii),  Cheribon*  (Queens- 
land), Tx)uzier*  (Brazil),  Po-a-ole  (British  West  Indies), 
PortMackay*  (Mauritius). 
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LETTER  OF  TRANSMITTAL- 


To  the  Experiment  Station  Committee  of  the 
Hawaiian  Sugar  Planters'  Association, 

Honolulu,  T.  H. 

Dear  Sirs: — I  herewith  submit  for  publication  as  lUilletin  No. 
2y  of  the  Division  of  Agriculture  and  Chemistry,  an  article  by  Mr. 
S.  S.  Peck,  First  Assistant  Chemist,  entitled  'Total  Solids  in  Mill 
Products  by  the  Refractometer.*' 

Yours  very  truly, 

Noel  Deerr. 

Acting  Director,  Division  of  Agricuhure  and  Chemistry. 
Honolulu,  T.  H.,  September  3,  1908. 
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TOTAL  SOLIDS  IN  MILL  PRODUCTS  BY  THE 
REFRACTOMETER* 


By  S.  S.  Peck. 


Introduction. 

The  inapplicability  of  the  Brix  spindle  to  the  determination  of 
the  total  solids  of  molasses,  due  to  the  varying  specific  gravities 
of  the  non-sugars,  has  been  the  subject  of  frequent  contributions 
to  sugar  journals.      For  the  determination  of  apparent  purity,, 
which  suffices  for  the  ordinary  sugar-house  control,  the  results 
are  comparative  and  serviceable.      But  for  the  correct  analysis  of 
low  grade  products,  which   should   include  the  sucrose  by  the 
Clerget  process  and  the  actual  solids,  other  methods  must  be  used. 
Drying  on  quartz  sand  or  pumice  stone  at  the  temperature  of 
boiling  water  at  atmospheric  or  under  reduced  pressure  has  been 
the    method    usually    employed,    under    various    modifications. 
E.   E.   Hartmann  ^    obtained   satisfactory   results  by   drying  the 
molasses  in  a  weighed  test  tube  containing  a  thin  roll  of  paper, 
diluted  with  a  small  quantity  of  water,  and  placed  in  boiling  water 
while  a  current  of  dried  air  is  drawn  through.      He  considered 
the  operation  complete  in  two  and  a  half  hours.      In  a  series  of 
determinations  of  molasses,  H.  C.  Prinsen-Geerligs  obtained  the 
dry  matter  by  drying  a  weighed  amount  of  a  molasses  of  definite 
dilution  on  filter  paper  in  a  Scheibler  dish  at  a  temperature  be- 
tween 1 00°  and  105^  C.  until  constant  weight  was  obtained.     He 
had  previously  demonstrated^  that  it  is  the  mineral  matter  w-hich 
causes  the  greatest  proportion  of  the  discrepancy  between  Brix 
readings  and  true  solids,  but  could  find  no  fixed  factor  wdiich 
could  be  appHed  to  the  former  as  a  correction  for  the  salts,  to 
serve  as  a  correction   for  true   solid   substance*'* ;   while   several 
years  previous  to  this*  he  had  concluded  that  no  relation  exists 
between  figures  for  Brix  polarization,  water,  and  purity.      T.  E. 
Halligan-''  conducted  a  series  of  determinations  of  the  total  solids 
in  a  molasses  wherein  he  found  that  by  drying  the  molasses  for 
ten  hours  in  a  water  oven  at  98°  he  obtained  results  conforming 
very  closely  to  the  vacuum  method.     Prolonged  drying  produced 
results  considerablv  lowxr.      This  was  doubtless  due  to  the  con- 
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stant  decomposition  of  certain  lime  compounds  in  the  molasses, 
derived  from  the  combination  of  lime  with  the  invert  sugar,  or 
perhaps  even  of  levulose  alone.  The  high  heat  of  drying  is  not 
necessary  to  effect  this  decomposition  and  liberation  of  gaseous 
compounds,  such  as  formic  or  acetic  acid.  It  is  obser\'able  in 
the  phenomenon  known  as  **froth  fermentation,"  frequently  pro- 
duced by  over-liming  or  over-heating  during  latter  boilings  of 
molasses.  E.  C.  Shore>'®  ascribed  this  to  the  decomposition  of 
lime  glycollate  and  J.  Lely^  to  lime  salts  of  glucinic  acid,  or  ihe 
acid  itself  which  decomposes  above  65°  C.  into  formic,  acetic,  and 
carbonic  acid;  but  whatever  the  cause,  the  result  is  the  same 
during  the  determination  of  solids  in  molasses  by  drying  at  too 
high  temperature  for  any  prolonged  period,  viz.,  the  formation 
of  gaseous  decomposition  compounds,  and  too  low  result  as 
solid  matter.  This  difficulty  of  a  correct  determination  has  been 
largely  if  not  completely  solved  by  the  discovery-  of  the  applica- 
bility of  the  use  of  the  refractometer  for  this  purpose. 

The  refractive  index  of  a  substance  is  defined  by  Wiley^  as  **an 
expression  to  characterize  the  measurement  of  the  degree  of  de- 
flection caused  in  a  ray  of  light  in  passing  from  one  transparent 
medium  into  another."  The  instruments  used  for  this  purpose 
are  called  refractometers.  and  heretofore  have  been  mainly  used 
as  one  means  of  identifying  or  detecting  the  sophistication  of 
oils,  butter,  lard,  etc.  The  two  principal  instruments  are  those 
designed  by  Abbe  and  Pulfrich.  These  register  the  refractive 
indices  of  the  substances  under  examination ;  but  modifications, 
such  as  the  oleorefractometer  and  butyrorefractometer,  are  made 
with  arbitrary  scales  adjusted  to  the  measurements  of  oils  or 
butters.  It  is  not  improbable  if  the  refractometer  finds  an  ex- 
tended application  in  the  sugar  laboratories,  that  instruments 
will  be  made  that  will  render  reference  to  tables  unnecessary,  but 
wnll  give  readings  of  total  solids  directly  on  the  scale;  just  as  the 
polariscope  today  gives  direct  sugar  percentages  instead  of  de- 
grees of  optical  rotation. 

Of  the  two  refractometers,  the  Abbe  and  Pulfrich,  the  former 
is  more  convenient,  inasmuch  as  in  the  latter  it  is  necessary  to 
read  by  the  yellow  or  sodium  light,  whereas  in  the  latter,  ordinary 
white  light  or  that  of  a  lamp  can  be  used.  The  first  reference  we 
find  to  work  in  this  direction  is  that  by  Tolman  and  Smith.^ 
Their  work  was  undertaken  to  test  the  value  and  accuracy  of  the 
Abbe  refractometer  for  the  estimation  of  sugars,  to  check  up 
Stolle's^^  work  on  sugars,  made  with  a  Pulfrich  instrument,  and 
to  carry  the  research  into  sugars  not  treated  by  him.  They  show 
that  sucrose  and  glucose  have  the  same  index  of  refraction  from 
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I  to  90%,  while  other  sugars,  with  which  we  are  not  concerned, 
differ  only  very  slightly. 

The  first  practical  application  of  the  Abbe  refractometer  was 
made  by  Hugh  Main^^  who  found  in  this  instrument  a  most  satis- 
factory substitute  for  the  determination  of  water  in  refinery 
syrups  for  the  usual  slow  and  unsatisfactory  methods  of  drying  in 
sand,  etc.  He  also  prepared  a  table  for  the  refractive  indices  of 
sugar  solution  at  20^  C.  which  is  practically  identical  with  that 
of  Tolman  and  Smith,  showing  the  absolute  reHability  of  the  in- 
strument in  this  respect. 

The  further  extension  of  the  use  of  the  refractometer  to  more 
impure  solutions  has  been  more  recently  demonstrated  by  Prinsen- 
Geerligs.'2  ji^jg  writer  first  determined  a  table  of  the  refractive 
indices  of  sugar  solutions  at  a  temperature  of  28"^,  which  is  more 
suitable  for  tropical  conditions,  together  with  a  table  of  correc- 
tions, which  are  reproduced  in  tables  I  and  H,  the  figures  in  tlie 
first  table  having  been  figured  for  each  division  on  the  refracto- 
meter scale  to  the  fourth  decimal  place  by  the  writer.  He  then 
applied  these  figures  to  solutions  of  the  various  non-sugars  oc- 
curring in  molasses  and  found  that  sodium  salts  have  almost  the 
same  indices,  calcium  salts  higher,  and  salts  of  potash  lower  than 
that  of  sucrose.  He  then  shows  that  in  mixtures  of  a  syrup  of 
known  composition,  containing  sucrose,  glucose,  and  fructose  in 
about  the  same  proportion  as  exists  in  molasses,  with  sodium, 
potassium.,  and  calcium  glucinates  (glucose  decomposition  pro- 
ducts) the  refractive  index  gave  results  approximating  very  close- 
Iv  to  actual  dry  substance.  A  mixture  of  the  syrup  with  the  resi- 
due from  fermentation  and  distillation  of  molasses,  gave  equally 
satisfactory  results.  Mr.  Prinsen-Geerligs  then  gives  some  high- 
ly interesting  figures  from  actual  determinations  of  various  mill 
products  and  remarks  that  "the  method  of  dessication  is  not  be- 
yond suspicion  for  molasses  and  products  containing  much  glu- 
cose, and  is  apt  to  give  wrong  figures,  because  of  the  retentic^n  of 
moisture  by  the  viscous  fluid  as  well  as  on  account  of  tlie  drivine 
off  of  products  of  decomposition  by  the  prolonged  heating.  Tf 
there  is  a  difference  between  the  figure  for  dry  substance  bv  ilie 
refractometer  and  by  dessication,  we  are  not  at  all  sure  that  the 
latter  figure  is  the  correct  one." 

Molasses. 

Twentv-five  samples  of  waste  or  final  molasses  were  examined 
^v  this  Station  for  the  purpose  of  comparing  results  obtained  bv 
dessication  and  the  refractometer.      The  total  solids  were  deter- 


Digitized  by 


Google 


8 


mined  by  drying  for  a  period  not  greater  than  four  hours  in  a 
water  jacketed  oven,  under  a  vacuum  of  20  inches  and  at  100^  C. 
For  this  purpose  flat  dishes  were  covered  with  quartz  sand  which 
had  been  washed  in  acid,  to  a  depth  of  about  5  mm.  These  were 
ignited,  and  weighed,  with  a  small,  dry  stirring  rod.  About  two 
grams  of  molasses  were  used  in  each  determination,  being  dis- 
solved in  the  smallest  possible  quantity  of  distilled  water.  Dry- 
ing was  usually  complete  in  two  hours,  and  always  in  four.  Con- 
cordantly  with  these  determinations,  the  refractive  index  was  ob- 
served, and  total  solids  calculated  from  Prinsen-Geeriig's  tables. 
The  results  are  given  in  the  following  table: 


Solids  in   Final 

M()I..VS.SE,S 

BY    DrYIX( 

;    .\NU    FROM 

Rekr.\cto- 

METER. 

"  "1 

Refract. 

Solids  from 

Solids  by 

1 

Index. 

Temp.     J 

Table. 

Dessication. 

Difference. 

1     ! 

14935 

^~27-5="^ 

81.76^ 

8i'.99~" 

—  .23 

2 

1-4975 

28.0° 

8335 

83.47 

—  .12 

3  . 

1.4986 

28.0° 

83-75 

81.94 

-f  1.81 

4 

1.4998 

27.0° 

84-15 

8377 

+  .38 

5 

1. 47 1 9 

27.0"' 

73.22 

71.67 

+  1-55 

6 

1.4886 

27-5° 

79.86 

79.20 

+  .66 

7 

1.4976 

27-5" 

8336 

83.45 

—  .09 

8 

1-4943 

27-5° 

82.06 

82.46 

—   40 

9 

1-4957 

28.0° 

82.63 

82.04 

+  .59 

10 

1-4877 

27-5° 

79-51 

79.62 

—  .11 

II 

1-4979 

28.0° 

83-50 

82.32 

+  1.18 

12 

••5015 

30.0° 

85.00 

86.16 

—1. 16 

•3 

1  -4953 

28.0" 

82.50 

82.03 

+  .47 

M 

1.5046 

28.0° 

86.00 

85.40 

+  .60 

15 

1.4942 

27-5" 

82.01 

82.66 

--65 

16 

1.4971 

28.0° 

83.20 

82.00 

+  1.20 

'7 

1 .4992 

28.0° 

84.00 

84.30 

—    30 

i8 

1.5068 

29.0' 

86.9. 

86.02 

+  .89 

19 

1.4926 

28.0" 

81.45 

81.32 

+  .13 

20 

1.50.8 

28.0" 

84.95 

86.63 

—1.28 

21 

1-4947 

28.5° 

82.29 

82.51 

—  .22 

22 

1-4970 

30.0° 

83.30 

84.05 

—  .75 

23 

1-4875 

28.0*^ 

79.50 

;     79.56 

—  .06 

2\ 

1-4973 

27-5^ 

83.21 

83.18 

+  .03 

23 

1.5006 

28.0' 

_  84.53 

84.47 

+  .06 

Average 

82.64 

84.49 

+  .15 
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The  refractometer  used  was  an  Abbe  refractometer  made  by 
Zeiss,  witn  heataoie  prisms.  Ihe  retractive  index  lor  water  at 
26^  was  1.3320.  ihe  temperature  was  kept  constant  by  circu- 
lating water,  neid  in  a  bottie  w'lth  tubular  side-opening,  tlirough 
tne  leiractometer  to  a  large  vessel,  whence  it  was  dipped  back 
to  the  bottle.  ihe  slignt  variations  noted  in  temperature  were 
aue  to  the  cnangmg  temperature  ot  the  laboratory,  ihe  instru- 
ment was  piacea  near  a  uoor  with  a  southern  exposure,  and  with 
purer  soluuons  gave  a  vveil  clehned  shade  that  could  be  read  on 
repeated  trials  by  the  same  or  aitferent  observers  to  the  same 
place  on  the  scale.  With  the  molasses  the  shadow  was  consider- 
ably obscured,  and  it  was  only  aiter  considerable  practice  in  read- 
ing and  adjusting  the  eye-piece  that  concordant  results  could  be 
obtained.  When  the  image  is  too  obscure,  or  when  the  molasses 
is  seen  to  contain  any  considerable  quantity  of  crystals,  due  either 
to  false  grain  or  a  break  in  the  centrifugal  gauze,  it  is  necessary 
to  resort  to  dilution.  Diluting  the  sampie  in  nickel  dishes  with  a 
large  surface  area  did  not  give  very  satisfactory  results,  due  to 
uncertainty  as  to  when  solution  was  completely  etfected,  and  diffi- 
culty in  preventing  evaporation  during  weighing.  It  was  found 
better  to  weigh  the  molasses  in  tared  flasks  with  necks  of  small 
diameter,  dissolving  completely  with  hot  water,  and  after  cooling 
and  weighing,  determining  the  refractive  index.  No  attempt 
was  made  to  get  any  precise  dilution,  but  the  percentage  deter- 
mined from  the  weights  before  and  after  the  addition  of  water. 
Two  samples  of  molasses  gave  the  following  results: 

No.  12.  No.  20. 

Total  solids,  drying 86. 16  86.63 

Total  solids,  refractometer 85.00  84.95 

Total  solids,  from  diluted  solution,  drying.     86.51  

Total     solids,    from    diluted    solution,    re- 
fractometer        85.60  87.83 

Molasses  No.  20  contained  a  considerable  quantity  of  grain : 
the  refractometer  would  naturally  give  too  low  a  figure  for  total 
solids  in  such  an  instance,  when  the  observation  is  made  without 
dilution. 

Thin  Juices  and  Syrup. 

Through  the  kindness  of  two  of  the  Oahu  plantations,  a  com- 
parison of  refractometer  determinations  of  total  solids  in  the 
various  juices  with  those  made  by  the  usual  instrument,  the  Brix 
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spindle,  was  made  at  the  mills.  In  one  mill  there  was  found  a 
record  of  comparisons  made  between  total  so.lids  by  spindling  and 
by  the  drying  of  these  juices.  In  the  following  tables  we  give  in 
addition  to  the  total  solids  by  the  Brix  spindle  and  refractoraeter, 
the  average  iigures  obtained  by  the  chemist  of  the  mill  by  dessi- 
cation,  with  the  average  Brix  from  the  same  juices.  These  aver- 
ages, taken  from  juices  analyzed  at  an  entirely  different  period, 
approach  very  closely  to  the  differences  between  the  average 
Brix  readings  and  the  corresponding  averages  from  the  refracio- 
meter. 


Total  Solids,  i 

Total  Solids, 

Refractometerl         Brix. 

Difference. 

Crusher  Juice 

19.17 

19.42 

—•25 

20.89 

21.15 

--.26 

21.23 

21.32 

—.09 

20.42        , 

20.71 

—.29 

21.67 

21.83 

—.16 

21.12 

21.27 

—  13 

Average 

20.7s 

20.95 

—.20 

Average  by 

drying* 

20.45 



4.64 

20.89 
4-93 

—•44 

Third  Mill  Juice 

—.29 

5.85 

5-93 

—.08 

6.99 

7.02 

—  03 

6.79 

6.59 

+.20 

6.79 

6.28 

+•51 

Average 

1 
1 

6.21 

6.15 

+.06 

Average  by  drying* 

583 

596 

—  13 

Fourth  Mill  J 

in'ce 

3-34 

3-68 

—•34 

4.07 

346 

+.61 

3-94 

4.67 

—•73 

4-54 

4.80 

-.26 

1 

524 

505 

+•19 

1 

4.24 

4-52 

—.28 

1 

Average 

1 
1 

423 

436 

— ••3 

Average  by 

dryind* 

323 

1          336 

—•13 

Average  of  three  determinations. 
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Total  Solids,     ' 

Total  Solids, 

I^efractometer. 

Brix. 

Difference. 

Mixed  Juice 

14.82 

15.16 

—•34 

16.30 

16.33 

—•03 

16.77 

16.93 

—.16 

16.82 

17.27 

—•45 

17.72 

17.78 

—.06 

15.97 

16. 1 1 

—•14 

Average 

16.40 

16.59 

—.19 

Average  by- 

drying* 

14.24 

14.63 

—•39 

Clarified  Juice 

15.12 

1535 

—•33 

15.33 

15^53 

—•■23 

16.92 

16.98 

—.06 

17.32 

17.63 

—.30-       • 

17.22 

•     1733 

— .11 

16.82 

17.00 

—.18 

Average 

16.46 

16.64 

—.18 

Average  by 

drying  t 

14.48 

15.01 

^^-•53 

Press  Juice 

9.98 

10.03 

—•05 

7,7^ 

781 

—•03 

11.18 

11.21 

—•03 

12.18 

12.50 

—•32 

11.73 

11.76 

—■03 

12.38 

12-53 

—■15 

Average 

10.87 

10.97 

— .10 

Average  by 

drying! 

9.26 

939 

-•13 

S}TUp 

59-79 

61.30 

—1-51 

63.09 

63.66 

—  ^57 

65.19 

66.20 

—  I.OI 

66.09 

67.32 

—1.23 

65.19 

66.70 

— I-5I 

65.84 

67.20 

-i^36 

Average 

64.20 

65.40 

— 1.20 

Average  by 

drying* 

63.38 

64.10 

—  -72 

*  Average  of  six  determinations. 
+  Average  of  four  determinations. 
J  Average  of  five  determinations. 
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In  some  instances,  the  determinations  show  considerable  varia- 
tion, particularly  with  the  third  and  fourth  mill  juices,  where 
plus  differences,  for  some  unaccountable  reason,  appear.  How- 
ever, the  brix  determinations  of  these  juices  are  uncertain  fac- 
tors, due  particularly  to  the  large  amount  of  air  in  the  samples 
and  the  difficulty  of  a  precise  reading  owing  to  the  foam  on  the 
surface  \Vhen  in  the  cylinder.  The  refractometer  readings,  on 
the  contrary,  are  not  affected  by  such  causes.  The  samples,  after 
being  cooled  to  room  temperature,  were  filtered  in  a  covered 
funnel,  and  after  a  few  drops  had  passed  through,  a  couple  of 
drops  were  placed  on  the  refractometer  glass  and  the  reading 
taken.  It  was  observed  that  considerable  care  was  necessarv  to 
prevent  concentration  due  to  evaporation,  even  svrup  of  66  Brix 
showing  considerable  differences  in  the  refractive  indices  after 
being  allowed  to  stand  in  uncovered  vessels  for  brief  periods. 

The  large  difference  between  the  solids  in  svruo  determined 
by  the  two  methods  was  very  surprisine.  considering  that  thev 
were  of  equal  purities  with  the  clarified  luices.  and  it  should 
therefore  be  expected  that  equally  concordant  results  would  be 
obtained.  For  a  more  exact  determination,  a  sample  of  svrup 
was  brought  to  the  Station  laboratory.  This  had  a  refractiye 
index  of  T.4183  at  2'?'^.  equivalent  to  6.^.^^%  total  solids.  Bv 
dessication  the  oercentage  was  6'^. 26^.  while  \\\e  Brjx.  obtained 
from  the  specific  gravity  by  pvkonieter.  was  63.769^.  showing  a 
difference  of  — .44^?  by  the  refractometer. 

The  third  and  fourth  mill  juices  were  tried  at  the  mill  with  the 
pykometer  and  the  brix  calculated  therefrom.  The  average  of 
the  differences  in  two  trials  will  be  seen  from  the  following  table 
to  approach  very  closely  to  those  obtained  by  drying: 


Total  Solids, 

'      Brix  from 

1 

Refractometer. 

Specific  Gravity. 

'  Difference. 

Third  Mill  Juice 

6.59 

'           6.80 

1       — .21 

Average 
Fourth  ^lill  Juice 

3.79 

5.20 
4.22 

1       —.06 

i       —.14 

—43 

Average 

3M 

3.16 

— .02 

!    -« 

I. 
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Residual  Juice. 


Allempts  were  made  to  determine  the  total  solids  in  the  resi- 
dual juice,  but  the  following  table  of  solids  in  the  diffused  liquor 
shows  that  the  results  w^ere  widely  divergent  from  those  obtained 
with  the  pykometer : : 


Refractomcter. 

Pyknometer. 

Difference. 

•95 

.64 

+•31 

.64 

.60 

+.04 

•54 

.66 

— .12 

•54 

•59 

—•05 

•54 

.62 

—.08 

.64 

•50 

+.14 

.69 

•59 

+.10 

In  addition  to  the  unsatisfactory  nature  of  these  results,  a  fur- 
ther objection  to  the  use  of  the  refractomcter  in  this  determina- 
tion is  the  large  difference  in  purity  resulting  from  a  small  dif- 
ference in  the  fourth  decimal  place.  The  scale  on  the  instrument: 
is  graduated  to  the  third  decimal  place,  the  fourth  being  inter- 
polated, and  as  the  divisions  are  not  very  large,  a  difference  of 
one  can  possibly  be  made  by  two  different  observers.  With  a 
diffused  liquor  containing,  say  .33%  sucrose,  such  a  difference 
would  mean  a  variation  of  fully  five  degrees  in  purity.  It  seems 
safe  to  conclude  that  under  the  present  method  of  determining 
solids  in  the  residual  juice  in  the  bagasse,  the  refractomcter  finds 
no  place. 

Massecuites. 

Two  samples  of  massecuite  were  supplied  by  this  mill  and 
brought  to  the  laboratory  for  determination  of  solids.  These 
samples  were  very  closelv  boiled  and  showed  a  brix  of  about  96 
to  97  by  the  usual  mill  laboratory  method  of  dilution  and 
spindling.  In  determining  the  refractive  indices,  the  procedure 
followed  was  to  weigh  out  about  20  grams  in  a  tared  beaker,  dis- 
solve perfectlv  in  hot  water,  transfer  to  a  50  cc.  stoppered  tared 
flask,  cool,  weigfh,  and  determine  the  refractive  index.  The  re- 
sults from  the  No.  i  and  No.  2  massecuites  follow: 
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Masse- 
cuite. 

I 

2 


14 

Brix  Total  Solids 

Pyknonieter.  Refractometer.  Dessication. 


95.04 
97.42 


93.02 
94.05 


93.22 
93.91 


Difference. 

— .20 
+.14 


The  results  are  entirely  satisfactory,  and  while  extreme  care 
is  necessary  to  effect  perfect  solution  and  to  make  accurate  weigh- 
ings, this  is  justified  by  the  great  saving  of  time  in  making  the 
determinations  and  the  perfect  confidence  to  be  felt  in  their  ac- 
curacy. 

Control  of  Boiling  to  String  Proof. 

A  test  was  then  made  of  the  application  of  the  instrument  to 
controlling  the  concentration  to  a  definite  density,  when  boiHng 
to  string  proof.  For  this  purpose,  the  refractometer  was  in- 
stalled on  the  pan  floor  and  a  convenient  arrangement  for  carry- 
ing water  through  the  prisms  secured.  An  hour  after  the  com- 
plement of  No.  3  molasses  was  drawn  in,  (a  full  strike  was  not 
made,  as  there  was  not  sufficient  molasses  on  hand),  when  boil- 
ing down  had  commenced,  samples  were  taken  from  the  proof 
stick  and  rapidly  placed  on  the  prism  of  the  instrument.  A  couple 
of  mimites  were  allowed  to  let  the  prisms  reach  the  temperature 
of  the  circulating  water,  and  the  reading  taken.  The  following 
table  gives  the  complete  data  obtained: 


Refractive 

Tempera- 

Total 

Time. 

Index. 

ture. 

Solids. 

1:35 

1-4937 

1 
270            1 

81.77 

1:45 

1.4968 

28^            1 

83-05 

t:55 

1.4982 

a8°           ; 

83.60 

2:05 

1.4992 

30° 

84-15 

2:15 

1-5013 

30° 

84-95 

2:25 

1.5030 

31" 

85-63 

2:35 

1.5050 

3>° 

86.38 

2:45 

1-5055 

31'' 

86.56 

The  pan  was  struck  as  the  last  sample  was  taken.  Samples 
from  the  cooler  cars  and  tanks  showed  the  No.  3  and  No.  4: 
massecuitcs  from  previous  strikes  to  have  total  solids  of  86.35  ^^^ 


Digitized  by 


Google 


15 

85.20%,  respectively.  The  last  figure  is  not  very  far  from  that 
found  in  the  observed  strike,  especially  when  we  consider  that  it 
is  possible  that  some  grain  had  already  separated  from  the 
magma. 

It  is  suggested  that  the  refractometer  would  be  a  very  effectual 
instrument  to  use  in  controlling  the  boiling  of  low  grade  products. 
By  keeping  a  complete  record  of  a  series  of  boilings  of  different 
purities  and  their  yields,  each  mill  could  learn  the  optimum  ex- 
tent to  which  concentration  should  be  carried,  and  more  definite 
results  would  be  achieved.  No  precise  figures  could  be  given  for 
every  mill  on  account  of  the  varying  nature  not  only  of  the  mo- 
lasses due  to  the  character  of  the  juices,  methods  of  clarification 
and  subsequent  treatment  of  the  juices,  but  also  on  account  of 
differences  in  pans  and  storage  facilities. 

Boiling  to  a  definite  percentage  of  solids  in  the  massecuite  is 
possible  by  the  use  of  the  Brasmoscope,  which  depends  on  tlic 
accurate  measurement  of  the  temperature  of  the  boiling  mass 
and  of  the  pressure  in  the  pan.  The  use  and  application  of  this 
instrument,  with  the  necessary  table,  has  been  fully  described  by 
Noel  Deerr  in  a  previous  bulletin  of  this  Station.*^  While  this 
instrument  is  perhaps  superior  to  the  refractometer  in  that  it  can 
be  used  when  boiling  to  grain,  it  has  the  disadvantages  of  the 
necessity  of  placing  attachments  on  the  pan  itself,  and  the  need 
of  precise  thermometric  and  barometric  readings.  The  refracto- 
meter is  an  effectual  substitute  when  boiling  to  string-proof,  and 
not  as  difficult  of  application.  Placed  conveniently  on  a  pan  floor 
with  a  good  light  and  connection  with  running  water,  it  offers 
no  difficulties  to  use  by  even  the  most  inexperienced  hands ;  and 
with  proper  and  adequate  care  as  regards  cleanliness,  it  will  last 
indefinitely. 

Correcting   Brix   Spindles. 

The  refractometer  offers  a  rapid  and  convenient  method  for 
checking  the  correctness  of  the  graduations  on   Brix  spindles. 
This  laboratory  has   recently   had   occasion   to  examine   several 
spindles.     The  method  employed  was  to  take  a  solution  of  granu- 
lated sugar,  brin^  it  to  the  temperature  at  which  the  instrument 
was  graduated  (in  this  instance  27.5"^  C),  take  the  reading  on 
the  spindle,  and  then  find  the  correct  sucrose  content  by  polariza- 
tion.     On  this  occasion,  in  addition  to  the  polarimetric  deter- 
mination, the  refractive  indices  were  found,  and  the  sucrose  cal- 
culated from  Prinsen-Geerligs*  table. 
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The  results  by  polariscope  and  refractometer  were  as  follows: 

Polari  scope.  Refractometer. 

2.0  2.0S 

4.6  4.60 

12.8  12.85 

19.2  19.20 

23.8  23.85 

32.0  32.10 

39.1  39.20 
41.6  41.70 
457  4580 

53.2  53.15 
58.8  58.90 


In  conclusion,  the  writer  desires  to  express  his  obligation  to 
the  management  and  mill  staffs  of  the  Waialua  Agricultural  Com- 
pany and  Ewa  Plantation  Company  for  their  courtesies  and  as- 
sistance in  carrying  out  the  investigations  in  their  respective 
mills. 
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TABLE  OK   CORRECTIONS  FOR  THE  TEMPERATURE. 


Temperature 
of  the 
Prisms 
in   o   C. 
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LETTER  OF  TRANSMITTAL. 


To  the  Experiment  Station  Committee  of  the 
Hawaiian  Sugar  Planters'  Association, 
Honolulu,  Hawaii. 

Dear  Sirs: 

I  herewith  submit  for  publication,  as  Bulletin  No.  28  of  the 
EHvision  of  Agriculture  and  Chemistry,  an  article  by  Mr.  S.  S. 
Peck  and  Mr.  Noel  Eteerr,  entitled :  "Fermentation  of  Hawaiian 
Molasses,  with  Descriptions  of  Yeasts  Occurring  in  Tropical  Dis- 
tilleries." 

Yours  very  truly, 

C.    F.   ECKART, 

Director,  Division  of  Agriculture  and  Chemistry. 
Honolulu,  T.  H.,  April  22,  1909. 
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formed  into  work  and  the  fertilizing  ingredients  can  be  returned 
to  the  soil  in  the  excreta  of  the  animals.  As  a  fuel,  all  of  the 
nitrogen  and  part  of  the  potash  are  lost  as  fertilizing  elements^ 
while  many  opinions  as  to  its  value  in  this  respect  are  inclined  more 
to  condemn  than  recommend  it.  As  a  fertilizer,  all  of  the  con- 
tained sugars  are  lost;  and  it  is  probable  that  their  presence  in 
some  soils,  particularly  those  with  poor  drainage  and  low  lime 
content,  works  more  damage  by  fermentation  and  creation  of  un- 
healthy acidity,  than  the  benefit  derived  from  the  potash  and 
nitrogen  contents  can  counterbalance. 

In  Mauritius,  where  decided  benefits  have  followed  the  use  of 
molasses  as  fertilizer,  it  would  appear  from  an  article  by  Ebbcls^ 
on  this  subject  that  the  benefit  due  to  their  application  is  not  entire- 
ly to  be  ascribed  to  the  plant  food  therein,  but  to  a  beneficial 
action  on  certain  soil  bacteria,  such  as  Azotobacter  chroococcum. 
This  organism  has  the  property  of  fixing  the  nitrogen  in  the  air, 
and  is  apparently  stimulated  in  its  action  by  the  presence  of  carbo- 
hydrates, such  as  sugar.  The  writer  points  out  that  in  order  to 
use  molasses  to  advantage,  it  appears  to  be  necessary  to  spread 
the  molasses  over  as  large  an  area  as  possible  and  to  work  it 
into  the  upper  layer  of  soil,  and  tentative  experiments  described 
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by  him  show  a  considerable  fixation  of  nitrogen  in  the  soil,  pre- 
sumably due  to  the  action  of  Asotobacter  chroacoccum,  influenced 
by  the  presence  of  the  carbohydrates  in  molasses. 

The  amount  of  final  molasses  used  as  food  is  probably  not  more 
than  a  third  of  that  produced.  The  animal  census  of  1907,  in 
the  year  book  of  the  United  States  Department  of  Agriculture, 
gives  the  following  figiu-es  for  the  Hawaiian  Islands: 

Dairy  cows 4,028 

Horses 12,982 

Mules 6,506 

Total 23,516 

H  each  animal  were  fed  six  pounds  of  molasses  per  day,  there 
would  be  consumed  daily  about  12,000  gallons  of  molasses,  weigh- 
ing twelve  pounds  to  the  gallon,  or  4,380,000  gallons  per  year. 
There  are,  then,  at  least  ten  millions  of  gallons  of  molasses  pro- 
duced each  year,  the  disposal  of  which  awaits  an  economic  solu- 
tion. 

Molasses  in  Europe  has  been  put  to  a  number  of  uses  other 
than  those  enumerated  above,  but  none  are  of  any  considerable 
importance,  except  that  of  the  transformation  of  the  sugars  into 
alcohol,  and  the  conservation  of  the  residue  from  distillation  for 
its  fertilizing  content.  The  alcohol  is  used  mainly  for  industrial 
purposes,  but  until  a  few  years  ago,  this  application  was  heavily 
handicapped  in  the  United  States  by  the  revenue  requirements 
which  limited  its  use  on  account  of  the  high  final  cost  to  the 
consumer.  By  the  passage  of  the  denaturing  act  of  June,  1906, 
Congress  has  made  possible  the  use  of  alcohol  in  the  arts  and 
manufactures,  and  in  the  production  of  light  and  power.  The 
production  and  employment  of  denatured  spirit  will  gradually 
increase  not  only  with  the  improved  methods  that  will  be  evolved 
in  its  use,  especially  as  regards  light  and  power,  but  also  with 
the  higher  cost  of  its  chief  competitors,  the  petroleum  products, 
due  to  the  ever  increasing  demand  and  diminishing  amount  of 
supplies.  As  the  result  of  the  new  law,  there  were  3.364,590 
gallons  of  denatured  alcohol  produced  in  the  United  States  m 
1907,  and  3,874,625  gallons  in  1908.^  That  derived  from  mo- 
lasses furnishes  a  considerable  proportion  of  the  total.  Her- 
rick  *  quotes  from  a  report  to  the  Fifty-ninth  Congress,  that  ten 
of  the  beet  sugar  factories  of  Michigan  sent  their  molasses  to  a 
distillery  in  that  state  in  1906,  which  produced  about  a  million 
gallons  of  proof  alcohol.  It  is  with  the  object  of  learning  to 
what  extent,  and  with  what  profit  to  the  islands,  the  waste  mo- 
lasses of  our  mills  can  contribute  to  the  alcohol  supply  of  the 
United  States,  that  the  work  of  this  bulletin  has  been  carried  out. 
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7 
Fermentation. 

Alcoholic  fermentation  implies  finally  the  splitting  up  by  yeasts 
of  sugars  into  ethyl  alcohol,  carbonic  acid,  and,  to  a  smaller  ex- 
tent, products  such  as  succinic  acid,  glycerol,  and  some  higher 
alcohols,  the  latter  being  usually  grouped  together  as  fusel  oil. 
The  amount  of  alcohol  produced  per  unit  of  raw  material  depends 
on  (i)  the  quantity  of  fermentable  sugar  present;  (2)  the  nature 
of  the  yeast;  (3)  the  conditions  of  the  fermentation  as  regards 
cleanliness,  sterility  of  containers,  etc. ;  (4)  the  presence  of  suffi- 
cient nutrients  for  the  optimum  development  of  the  yeast ;  ( 5 ) 
the  proper  control  of  the  temperature;  (6)  and  the  efficiency  of 
the  distilling  apparatus.  The  first  condition  can  be  controlled 
by  analysis  of  the  raw  material  and  its  dilution;  the  second  by 
trials  with  various  yeasts ;  the  third  by  careful  handling  of  yeasts, 
molasses  and  containers;  the  fourth  can  be  supplied  if  neces- 
sary; the  fifth  can  be  controlled  by  proper  cooling  appliances; 
and  the  sixth  depends  on  the  selection  of  efficient  apparatus  and 
its  correct  handling. 

The  yeasts  which  are  usually  employed  in  distillery  work  be- 
long to  a  class  of  micro-organisms  known  as  saccharomycetes,  of 
which  there  are  many  species,  varieties,  and  races;  the  species 
most  generally  used  is  known  as  Saccharomyces  cereznsiae.  This 
is  known  as  a  budding  yeast,  on  account  of  its  method  of  repro- 
duction, in  contradistinction  to  fission-yeasts,  which  are  classed 
as  Schizosaccharomyces.  These  yeasts  have  the  power  of 
not  only  transforming  into  alcohol  such  sugars  as  dextrose  and 
levulose,  which  exist  in  molasses  and  are  usually  reported  as 
glucose,  but  also,  by  means  of  an  enzyme  which  they  secrete, 
called  invertase,  of  changing  sucrose  into  glucose,  when  it  also 
can  be  fermented.  Another  enzyme  secreted  by  the  yeast,  zymase, 
effects  this  transformation. 

In  past  years,  fermentation  of  molasses  was  initiated  by  ad- 
ventitious yeasts,  that  is,  the  yeasts  existing  naturally  on  the  cane 
or  in  the  air.  Subsequent  fermentations  were  started  from 
vats  in  fermentation,  or  by  the  yeast  left  in  vats  from  previous 
fermentations.  Where  the  object  was  as  much  to  produce  a 
.certain  aroma  in  the  distilled  product  as  well  as  the  alcohol,  the 
entrance  of  organisms  other  than  yeasts  was  not  a  serious  ob- 
jection. Such  ethereal  flavors,  however,  are  produced  at  the  ex- 
pense of  the  alcohol,  and,  besides,  the  entrance  of  organisms  pro- 
ducing faulty  fermentation  and  serious  losses,  cannot  be  pre- 
vented. Today,  yeast  production  is  carried  on  almost  universally 
in  acordance  with  the  laws  of  "natural  pure  culture"  formulated  by 
Delbriick.  The  expert  in  fermentation  is  able  to  regulate  the 
battle  for  supremacy  between  the  fungi  so  that,  it  leads  to  the  de- 
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struction  of  harmful  organisms  and  to  the  survival  of  the  desired 
culture  yeast.** 

The  total  sugars  which  can  be  fermented  in  a  molasses  are  the 
sum  of  the  sucrose  and  glucose.  Theoretically  sucrose  should 
give  53.8  per  cent,  and  glucose  51. 11  per  cent,  of  their  respective 
weights  as  absolute  alcohol.  In  practice  the  yield  will  be  seen  to 
be  considerably  less,  even  when  working  under  the  best  condi- 
tions as  regards  yeast,  sterility,  and  temperature  control. 

Before  studying  the  comparative  yields  of  alcohol  from  differ- 
ent molasses,  it  was  necessary  to  obtain  a  supply  of  yeast,  pre- 
ferably of  those  who  were  acclimated  to  working  in  molasses 
under  tropical  conditions;  absence  of  distilleries  in  the  Hawaiian 
Islands  prevented  us  obtaining  a  supply  here.  Accordingly,  we 
wrote  to  correspondents  in  various  parts  of  the  world  where  dis- 
tilleries are  operated  in  conjunction  with  the  cane  sugar  industry, 
and  obtained  from  each  of  them,  a  supply  of  the  yeast  used. 
The  method  adopted  to  forward  the  yeasts  was  as  follows :  From 
a  vat  of  wash  in  active  fermentation  a  few  drops  were  allowed  to 
fall  on  to  a  piece  of  filter  paper ;  this,  after  rapidly  drying  in  the 
air,  was  placed  in  an  envelope  and  posted  to  us  in  Honolulu.  In 
this  way,  we  obtained  yeast  from  Cuba,  Demerara,  Mauritius, 
Natal,  Peru,  and  Trinidad.  For  these  we  are  indebted  to  Mr. 
J.  T.  Crawley,  to  Mr.  W.  M.  B.  Shields,  to  Mr.  L.  Bulau,  to 
Messrs.  Harrison  Brothers,  to  Mr.  W.  MacDougall,  and  to  Mr. 
H.  E.  Murray;  to  these  gentlemen  we  take  this  opportunity  of 
expressing  our  thanks  for  their  courtesies.  The  yeast  that  we 
have  studied  from  Java  was  isolated  from  a  sample  of  "J^va 
yeast"  or  *Raggi,"  forwarded  through  the  courtesy  of  Mr.  J.  D. 
Kobus ;  yeast  from  this  material  has  previously  been  isolated  and 
studied  by  Went  and  Prinsen-Geerligs,  who  have  named  this 
species  Sac  char  anvyces  vordermannii.  In  addition  we  obtained 
from  the  Institut  fiir  Garungsgewerbe  in  Berlin  cultures  of  the 
well  known  Race  II  and  Race  XII,  distillery  yeasts  widely  em- 
ployed in  European  distilleries. 

Upon  receipt  of  each  stock  of  yeast,  the  filter  paper  was 
dropped  into  a  flask  of  sterile  beer  wort  and  placed  in  an  incu- 
bator at  30°  C.  Fermentation  started  in  from  twenty-four  to 
forty-eight  hours,  and  from  this  fermentation  a  series  of  plate 
cultures  in  beer  wort  agar  was  made;  a  sufficient  dilution  was 
made  so  as  to  obtain  plates  with  but  one  to  six  colonies  in  one 
plate;  one  of  these  colonies  was  picked  out  and  inoculated  into  a 
sterile  flask  containing  a  stock  molasses  wort;  the  purity  of 
the  yeast  under  trial  was  proved  by  means  of  subcultures  from 
time  to  time. 

Preliminary  trials  showed  that  there  was  apparently,  in  the 
fermentation  obtained  from  each  source,  but  one  dominant  type 
of  yeast.     This  is  in  accordance  with  the  results  obtained  previ- 
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ously  by  one  of  us  in  a  study  of  Demerara  yeast.  We  did  not 
then  attempt  to  isolate  a  number  of  different  races  from  the 
yeast  obtained  from  any  one  source,  but  contented  ourselves  with 
studying  in  pure  cultures  one  type  derived  from  each  source. 
This  procedure  was  apparently  justified  as  the  alcohol  producing 
powers  of  the  yeasts  derived  from  widely  different  localities  were 
not  very  greatly  divergent. 

The  molasses  used  for  the  comparative  fermentations  of  the 
yeasts  was  obtained  through  the  courtesy  of  Oahu  Plantation,  and 
was  of  the  following  composition : 

Inorganic  Constituents. 

Total   Solid« 84.50  Ash    15.93 

Brix    93.50  Iron  and  Aluminum  Oxides.       .09 

Sucrose,    Polarization 32.5  Lime    1.90 

Sucrose,    Clerget 35.2  Magnesia    98 

Purity,    True 41.7  Potash    4.89 

Purity,    Apparent 34.7  Phosphoric    Anhydride 14 

Glucose     12.57  Sulphuric    Anhydride 1.93 

Total  Sugars  as  Glucose 49.53  Chlorine    3.02 

Nitrogen    64 

A  stock  wort  was  prepared  by  diluting  this  molasses  to  approxi- 
mately the  desired  density,  and  placing  it  in  a  vessel  of  the  Carls- 
berg  type.  It  was  sterilized  by  boiling  for  three  successive  days, 
air  being  allowed  to  enter  after  each  sterilization  through  a 
sterile  cotton  plug.  The  wort  was  withdrawn  through  a  glass 
tube  previously  sterilized.  When  not  in  use,  the  rubber  exit 
tube  was  closed  by  a  Mohr's  clamp  and  glass  stopper,  which  was 
flamed  before  each  withdrawal.  The  flasks  used  for  fermenta- 
tion were  eight  ounce  Erlenmeyers,  plugged  with  cotton  wool, 
and  sterilized  at  a  dry  heat  for  one  hour  at  140°  C. 

The  fermentations  were  conducted  in  an  incubator  of  the  type 
originally  described  by  Koch,®  at  a  temperature  of  30°  to  31°  C. 

For  a  pure  culture  apparatus,  the  apparatus  as  illustrated,  Fig. 
I.  was  found  very  convenient.  Flask,  A  was  filled  with 
dilute  molasses,  and  sterilized  in  an  Arnold  steam  sterilizer  for 
three  successive  days.  The  glass  parts  were  all  sterilized  either 
by  flaming  or  heating  in  an  oven  to  140°  C,  and  the  rubber  parts 
by  heating  in  an  autoclave  under  40  pounds  pressure.  The  ap- 
paratus was  connected  rapidly,  the  hands  of  the  operator  being 
encased  in  surgeon's  sterilized  rubber  gloves.  The  yeast  cham- 
ber B  is  one  of  the  parts  of  a  Lunge  nitrometer,  graduated  in 
parts  of  10  cc.  The  operation  of  starting  and  using  was  as  fol- 
lows: A  yeast  being  started  in  a  Lister  culture  flask,  this  was 
connected  with  a  piece  of  glass  tubing  to  C.  The  culture  flask 
was  then  raised,  and  the  stop  cock  of  B  opened  to  D,  when  the 
culture  solution  passed  into  B.  After  sufficient  of  the  liquid  had 
entered,  the  pinch  cock  E  was  closed,  the  two  pieces  disconnected. 
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Fig    I. 
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that  of  the  carbonic  acid  which  could  be  produced  by  the  amount 
of  sugars  present  in  the  wash.  Blank  experiments  car- 
ried out  with  dilute  alcohol  showed  that  no  appreciable 
loss  of  alcohol  occurred  during  the  time  over  which  a 
fermentation  lasted.  The  fermentations  in  the  first  series 
were  carried  on  in  the  wort  as  derived  from  molasses  and 
water,  and  also  with  the  addition  of  sulphuric  acid,  sulphate  of 
ammonia,  and  sodium  phosphate,  alone  and  in  combination  with 
each  other.  The  reasons  for  these  additions  will  appear  later. 
The  detailed  results  of  the  fermentations  will  be  found  in  Table  I. 
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Additions 
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Wort. 
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f  he  average  yields  are  from  a  minimum  of  80.6  per  cent,  of  the 
theoretical,  with  the  Trinidad  yeast,  to  84.9  per  cent,  with  Race 
II.*  These  differences  are  not  very  great  when  it  is  considered 
that  a  variation  of  one-tenth  per  cent,  by  volume  of  alcohol  in  a 
wort  containing  8.44  per  cent,  of  sugars  indicates  a  difference  of 
1.8  per  cent-  in  the  yield. 

The  washes  for  these  determinations  were  set  up  at  specific 
gravities  varying  from  1.0575  to  1.0776  with  sugar  contents  of 
from  7.94  to  10.51  grams  per  100  cc.  The  usual  density  of  set- 
ting up  washes  in  rum  distilleries  is  1.060,  but  molasses  in  coun- 
tries making  rum  contain  more  sugars  than  do  those  of  Hawaii. 
Most  yeasts  are  weakened  in  their  action  when  the  fermenting 
liquid  begins  to  exceed  six  or  seven  per  cent,  of  alcohol,  leav- 
ing sugar  unfermented  The  worts,  therefore,  must  be  made  of 
such  strength  in  sugars,  that  the  final  wash  will  not  contain  an 
excessive  amount  of  alcohol.  However,  in  late  years  yeasts  have 
been  cultivated  that  will  withstand  a  much  higher  alcohol  con- 
tent than  has  usually  been  considered  safe  Thus,  acording  to 
Went  and  Geerligs,^  Saccharomyces  vordermannii  can  convert 
the  glucose  in  a  solution  of  18  to  19  per  cent,  entirely  into  alcohol 
and  the  by-products.  The  advantages  of  such  a  procedure  are 
many.  Yeast  remains  purer  in  concentrated  mashes  because  the 
fermentation  of  the  greater  quantities  of  sugar  which  these 
mashes  contain,  yields  more  alcohol  than  in  thinner  mashes,  and 
alcohol  acts  as  a  powerful  poison  towards  schizomycetes  and  to 
dangerous  varieties  of  yeast  which  are  liable  to  work  considerable 
damage.*  According  to  Maercker,*  a  concentrated  mash  can  be 
operated  which  will  yield  as  high  as  12  per  cent,  of  alcohol.  An- 
other series  of  fermentations  was  accordingly  carried  out,  to  see 
if  stronger  concentrations  would  produce  as  good  results,  the  re- 
sults of  which  are  given  in  Table  II. 


*  The  theoretical  yield  of  akobol  is  .5111  times  the  weight  of  glucose. 
Thus  a  wort  containing  9.92  grams  of  sugar  in  100  cc.  should  give  a 
distillate  of  equal  volume  containing  5.07  grams  of  alcohol  per  100  cc. 
If  this  distillate  contains  but  4.25  grams  in  100  cc.  (whieh  is  equivalent 
to  5.35  per  cent,  by  volume),  the  alcohol  obtained,  expressed  in  terms  of 
sugars,  is  83.8  per  cent.  The  maximum  yield,  according  to  Pasteur, 
is  really  94.83  per  cent,  of  the  theoretical,  the  remainder  forming  the 
usual  by-products  of  fermentation,  principally  glycerol  and  succinic  acid. 
The  extreme  yield  of  the  above  yeasts  would,  according  to  this  standard, 
be  84.99  to  89.4  per  cent.  In  reporting  results  in  this  bulletin,  the  per- 
centage on  the  theoretical,  calculated  from  the  formula,  and  not  the 
maximum  yield  to  be  obtained  in  practice,  will  always  be  indicated. 
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fermentation.  In  all  but  two  instances,  the  results  from  Race  II 
were  superior  to  those  with  the  yeast  from  Peru,  pnd  only  the 
results  from  the  second  series  of  fermentations  with  this  yeast  are 
accordingly  reported.  Table  III  contains  the  analyses  of  the 
molasses  used,  and  Table  IV  the  results  of  the  fermentations. 
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In  Table  III  is  again  to  be  noticed  the  immense  variation  in 
molasses  from  different  mills  as  was  previously  reported  in  a 
bulletin  of  this  Station.®  In  appraising  molasses  for  its  value  as 
an  alcohol  maker,  not  only  the  sucrose  but  also  the  glucose  must 
be  taken  into  account,  since  it  also  is  converted  into  alcohol. 
Naturally,  therefore,  the  usual  standard  of  jugding  a  molasses, 
viz.,  its  purity,  gives  no  clue  as  to  what  it  may  be  worth  for  fer- 
mentation purposes.  Thus  molasses  6  and  13  with  low  purities 
of  37.5  and  39.9  respectively  contain  60.35  and  59.18  per  cent, 
of  total  sugars,  whilst  39  and  24  with  purities  of  47.9  and  48.7 
respectively  contain  only  48.2  and  48.26  per  cent,  of  total  sugars. 

The  yield  of  alcohol  per  gallon  molasses  corresponds,  of  course, 
closely  to  the  percentage  of  total  sugars,  varying  from  .62  to  ,93 
gallons  of  U.  S.  proof  spirit,  the  average  of  all  being  .jj  gallons. 
This  is  a  most  important  point  to  consider,  if  ever  the  disposal  of 
molasses  in  this  manner  is  contemplated.  The  United  States  revenue 
regulations  regarding  molasses  distilleries  contain  this  clause  ® : 
"The  quantity  of  spirit  which  can  be  produced  from  a  gallon  of 
molasses  varies,  of  course,  with  the  completeness  of  the  apparatus 
and  quality  of  the  material,  from  80  to  95  per  cent., — from  85  to 
90  per  cent,  probably  being  a  fair  average ;  and  in  no  case  should 
a  less  allowance  than  this  average  be  made  without  first  sub- 
mitting a  full  report  of  the  reasons  thereof  to  the  Commissioner." 
That  is,  unless  this  regulation  be  modified  for  the  special  cir- 
cumstances of  Hawaiian  molasses,  the  revenue  authorities  could 
insist  on  the  payment  of  revenue  on  85  gallons  of  proof  spirit 
per  100  gallons  of  molasses  fermented,  whether  they  are  obtained 
or  not. 

The  evidence  of  this  series  of  fermentations,  therefore,  is  that  on 
an  average  there  can  be  obtained  from  one  gallon  of  waste  mo- 
lasses .77  gallon  of  proof  spirit  or  .385  gallon  of  absolute  alcohol. 
But  this  represents  only  83  per  cent,  of  the  theoretical  amount  pos- 
sible. From  S  to  6  per  cent,  is  used  in  the  formation  of  by- 
products, as  determined  by  Pasteur.  Of  that  remaining,  an 
average  of  6.13  per  cent,  can  be  accounted  for  by  that  amount  of 
reducing  bodies  remaining  unfermented  in  the  wash.  This  varies 
in  individual  molasses  from  4.05  to  8.62  per  cent.,  and  was  the 
same  with  both  Race  II  and  Peru  yeast.  That  this  is  not  a  re- 
sult of  yeast  variation,  strength  of  wort,  amount  of  yeast  present, 
or  lack  of  nutrients,  is  sufficiently  attested  by  the  results  of  Tables 
I  and  II.  The  averages  of  these  two  show  6.68  and  6.15  per  cent, 
of  sugars  unfermented,  while  this  same  molasses  gives  6.19  per 
cent,  in  Table  IV,  or  an  average  of  all  of  6.41  per  cent.,  amount- 
ing to  3.17  per  cent,  on  the  weight  of  the  molasses.  The  average 
of  all  molasses  in  Table  IV  would  indicate  that  3.17  per  cent,  of 
the  molasses  was  an  unfermentable  body,  which  reduces  copper 
as  does  glucose,  and  is  included  with  it  in  the  determination  of  the 
sugars. 
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The  Unfermentable  Sugar  of  Hawaiian  Molasses. 

The  presence  of  such  bodies  is  not  pecuHar  to  the  molasses  of 
these  islands,  but  their  identity  has  not  been  established.  In 
Queensland,  Marker  ^^  found  that  there  were  reducing  bodies  left 
in  the  wash  amounting  to  2.46  per  cent,  of  the  molasses,  or  4.65 
per  cent,  of  the  sugars,  while  the  percentage  yield  of  alcohol 
calculated  on  the  total  sugars  present  amounted  to  about  82  per 
cent.  In  Egyptian  cane-molasses,  Pellet  and  Meunier^^  report 
2.4  per  cent,  of  glutose,  a  non-fermentable  reducing  body.  Glutose 
is  a  hexose  sugar  of  the  same  composition  as  dextrose,  and  is 
described  by  Maquenne  ^^  as  "one  of  the  products  of  isomerism, 
(or  a  mixture  of  other  products  yet  unknown),  which  takes  place 
when  glucose,  mannose,  or  levulose  is  submitted  to  the  action  of 
alkalies.  It  is  an  uncrystallizable,  inactive,  and  unfermentable 
substance,  with  a  reducing  power  considerably  less  than  that  of 
glucose.  It  appears  to  exist  in  tropical  molasses,  which  is  ex- 
plained by  the  isomerizing  action  of  the  lime  employed  in  treat- 
ment on  the  reducing  sugars  which  accompany  the  sucrose  in  the 
juice."  Hazewinkel,^^  who  has  just  completed  a  thorough  in- 
vestigation on  the  composition  of  Java  molasses,  reports  that  at 
least  in  molasses  from  defecation  in  that  country,  there  is  a  total 
absence  of  detectable  glutose  or  mannose.  Shorey^^  found 
xanthine  bases  and  identified  guanine  in  both  juice  and  molasses 
of  Hawaii.  He  cautions  against  the  use  of  the  gravimetric  method 
in  determining  reducing  sugars,  as  the  guanine  precipitate  would 
cause  the  results  to  appear  too  high,  unless  the  copper  is  deter* 
mined  electrolitically.  In  this  bulletin,  the  sugars  were  deter- 
mined by  the  Munson  and  Walker  method,  and  the  copper  deter- 
mined  by  the  volumetric  method  of  de  Haen  as  modified  by  Low, 
so  no  error  could  be  ascribed  to  this  source  in  this  work. 
Browne  ^^  found  in  Louisiana  molasses  that  23.83  per  cent,  of 
the  total  nitrogen  existed  in  nitrogen  assisted  in  nitrogen  bases,  as 
xanthine. 

Finally,  one  of  us^®  found  in  wash  from  the  fermentation  of 
Demerara  molasses  three  per  cent,  on  the  weight  of  the  molasses 
of  reducing  bodies,  so  that  the  presence  of  this  unfermentable 
substance  may  be  regarded  as  universal. 

Besides  those  substances,  there  are  others  existing  in  molasses 
which  are  probably  equally  responsible  for  the  presence  of  a  re- 
ducing body  which  is  not  fermentable.  The  final  molasses  always 
contains  some  quantities  of  caramel,  which  reduces  Fchling  solu- 
tion ;  the  nitrogren  is  present  chiefly  as  aspartic  ?cid,  which  also 
cflFects  a  precipitation  in  the  copper  reagent ;  and  finally,  we  were 
able  to  identify  the  presence  of  a  pentose  sugar  bv  boilingr  the 
lees  with  dilute  acid,  when  the  distillate  gave  a  distinct  furfural 
test  with  anilin  acetate.     Furthermore,  the  lees  was  clarified  with 
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subacetate  of  lead,  filtered,  the  lead  removed,  and  the  evaporated 
filtrate  taken  up  with  alcohol,  filtered  and  evaporated.  The  resi- 
due was  purified  by  repeated  solutions  in  alcohol.  Finally  a  pro- 
duct was  obtained  which  was  dextrorotary  and  reduced  Fehling 
solution.  Its  general  appearance  would  indicate  a  pentose  sugar, 
but  it  could  not  be  obtained  in  sufficient  quantities  to  make  a  posi- 
tive identification. 

While  of  sufficient  interest  to  warrant  further  investigation, 
the  identification  of  this  substance  or  substances  is  not  so  im- 
portant for  the  purpose  of  this  bulletin  as  the  realization  of  its 
presence,  and  in  making  an  estimate  of  the  value  of  molasses  for 
fermentation  allowance  must  be  made  on  this  account.  The 
presence  of  these  bodies  does  not,  however,  account  for  all  the 
disparity  between  the  theoretical  yield  of  alcohol  and  that  actually 
obtained.  Of  the  causes  which  might  contribute  to  this,  the  fol- 
lowing suggest  themselves  as  the  most  probable : 

T.  Inability  of  the  yeast  to  convert  all  of  the  sugars  into  alco- 
hol. 

2.  Presence  in  the  molasses  of  non-sugars  inimical  to  com- 
plete fermentation. 

3.  Lack  of  one  or  more  essential  nutrients. 

4.  Bacterial  infection. 

5.  Inactivity  of  the  yeasts  due  to  insufficient  aeration. 

6.  Necessity  for  stimulants. 

These  points  were  examined  as  indicated  below. 
T.     Deportment  of  Race  II  in  pure  sugar  solution. 
For  the  purpose  of  this  determination,  the  following  nutrient 
solution  was  used : 

Sugar  (white  granulated) Too.o  grams  per  liter 

Peptone   i.o       **  "      '' 

Sulphate  of  Ammonia 2.0       "  **      " 

Sodium  and  Potassium  Tartrate 2.0       "  "      " 

Potassium  Phosphate 2.0       "  '*      " 

Calcium  Chloride 0.2       "         "      " 

Magnesium  Sulphate 0.4       "  "      *' 

>  Manganese  Sulphate trace 

Tlie  (lata  of  the  fermentation  are  given  in  Table  V. 

Table  V. 
FFRM?^XTATIOX  OF  PT^RE  SFGAR  80LUTI0X. 

Specific       I  '      Sugars  per     1        Alcohol  Alcohol 

Grav.         '       Attenua-     1       100  oc.  as  7r  7r  of  Total 

of  Wort.  tion.         |  invert  Sugar.  '  Vol.  Suj^ars. 


1.0494  45.8 

1.0494  45.5 

1.0494  45.4 

1.0494  i          45.4 


10..53  I          6.43  94.8 

10.53  '          6.48  95.5 

10.53                    6.40  ]  94.4 

10.,53                    6.49  I  95.7 
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The  average  per  cent,  alcohol  produced  was  95.1  per  cent.,  ap- 
proximately Pasteur's  maximum  possible  yield.  It  is  at  once  evi- 
dent that  Race  II  was  able  to  invert  and  completely  transform  all 
the  sucrose  in  a  solution  containing  10.53  P^^*  cent,  of  sugars,  into 
alcohol  and  the  usual  by-products.  In  no  case  was  there  more 
than  a  trace  of  reducing  bodies  present  after  the  completion  of 
the  fermentation. 

2.     Influence  of  non-sugars  in  the  molasses  on  the  fermentation. 

(a)  First  the  effect  of  removing  the  impurities  precipitable 
by  subacetate  of  lead  was  studied.  The  invert  sugar  carried  down 
with  the  lead  precipitate  was  disregarded;  the  filtrate  was  freed 
of  lead  by  sulphuretted  hydrogen,  boiled  to  remove  the  excess  of 
gas,  neutralized  with  carbonate  of  lime,  and  slightly  acidulated 
with  sulphuric  acid.  The  clear  filtrate  was  sterilized  and  fer- 
mented with  Race  II,  with  results  as  follows: 
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83.8 

6.64 

It  is  apparent  that  the  non-sugars  removed  by  subacetate  of 
lead  have  no  adverse  effect  on  the  fermentation,  and  that  the  re- 
ducing sugar  which  is  not  fermentable  is  not  precipitated  by  the 
basic  lead  solution. 

(b)  Secondly,  a  solution  of  cane  sugar  was  made  in  the  spent 
wash  or  lees,  and  fermented.  For  this  purpose,  after  determin- 
ing the  amount  of  reducing  bodies  in  a  lees,  granulated  sugar  was 
dissolved  therein,  and  the  volume  brought  to  what  it  was  before 
the  addition  of  the  sugar.  Total  sugars  were  then  determined  as 
reducing  sugars.  The  original  lees  contained  .65  grams  reducing 
sugars  per  100  cc. ;  after  addition  of  the  sugar  and  concentration 
to  the  same  volume  as  before  the  addition,  the  wort  contained 
T0.3  grams  sugars  per  100  cc.  Fermentation  was  started  on  sedi- 
mentary yeasts,  and  was  very  quick  in  starting  up  and  finishing 
in  every  instance.     The  results  are  given  in  Table  VI. 
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Table  VI. 
FERMENTATION  OF  SUGAR  DISSOLVED  IN  LEES. 
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65 

1.0756   1 
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5.85 
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93.7 

Natal  2... 

65 
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93.3 

Trinidad.  . 

65 

1.0756  . 

41.9 

10.30 

5.80 

37.4     ' 

.69 

P3.7 

Practically  all  the  sugar  added  is  found  in  the  resulting  wash 
as  alcohol,  so  that  it  is  obvious  that  nothing  in  the  non-sugars  of 
the  molasses,  either  mineral  or  organic,  has  a  deterring  effect  on 
the  efficient  working  of  the  fermentation. 

Another  series  was  carried  out  with  a  new  mixture  with  iden- 
tical results.  In  addition,  this  same  lees,  diluted  with  an  equal 
amount  of  water  and  with  the  same  amount  of  added  sugar,  was 
fermented.  Probably  owing  to  the  smaller  quantity  of  nutrients 
present,  the  fermentation  was  much  slower  and  not  so  satis- 
factory. On  the  other  hand,  it  will  appear  from  experiments 
carried  out  in  connection  with  another  point,  that  decided  in- 
crease of  the  non-sugars  in  a  wort,  by  diluting  molasses  with 
lees  instead  of  water,  also  produces  inferior  results.  The  results 
of  the  second  series  of  sugar  and  lees  fermentations  are  presented 
in  Table  VII. 

Table  VII. 

FURTHER    FERMENTATION  OF  SUGAR  DISSOLVED  IN  LEES. 
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3-     Effect  of  Added  Nutrients. 

( I )  Nitrogen,  Nitrogen  is  added  as  food  for  the  yeasts,  gen- 
erally in  the  form  of  sulphate  of  ammonia.  The  usual  quantity 
is  ten  pounds  to  each  thousand  gallons  of  wash.^'^  The  result 
of  this  addition  is  to  produce  a  quicker  fermentation  by  inducing 
a  more  vigorous  growth  of  the  yeast ;  and  while  the  final  outcome 
of  alcohol  under  sterile  conditions  might  be  no  greater,  by  lessen- 
ing the  time  of  fermentation  in  commercial  work  with  exposed 
fermenting  tanks,  the  danger  of  infection  from  without  by  the 
entrance  of  unwholesome  organisms  is  avoided.  Other  nitrogen- 
ous foods,  such  as  yeast  extracts  and  peptones,  have  been  sug- 
gested, but  seem  to  have  found  no  extensive  application  How- 
ever, there  is  usually  a  sufficiency  of  nitrogenous  matter  in  mo- 
lasses, mostly  in  the  form  of  amido  bodies,  as  asparagine  or  as- 
partic  acid,  both  of  which  are  favorable  forms  of  this  element. 
According  to  Pringsheim,^®  with  a  too  high  concentration  of  nitro- 
genous matter  fermentation  is  retarded,  and  he  states  that  the 
best  concentration  of  nitrogen  is  .004  to  .008  per  cent.  Below 
this,  fermentation  is  again  retarded  owing  to  starvation  of  the 
yeast.  The  molasses  used  in  this  work  contained  from  0.24  to 
1.06  per  cent,  of  nitrogen,  whence  the  worts  would  contain  from 
.05  to  .2  per  cent.,  thus  containing  more  than  a  sufficiency  of  this 
element.  The  effect  of  added  nitrogen  in  the  form  of  sulphate 
of  ammonia  is  shown  in  the  fermentations  given  in  Table  I,  from 
which  the  averages  are  taken  to  form  Table  VIII.  The  wort 
itself  contained  0.8  gram  nitrogen  per  liter.* 

Table  VIII. 
EFFECT  OF  AMMONIUM  SULPHATE. 


Character  of  Wort. 

%  Total  Sugars 
as  Alcohol. 

Increase  or  De- 
crease  Due   to 
Ammonium 
Sulphate. 

82.54 
83.04 
83.36 
83.15 
82.12 
81.94 

AmmoDium  Sulphate 

+  0.50 

Sulphuric  Acid 

Sulphuric  Acid  and  Amm.  Sulphate 

Sodium  Phosphate 

Sodium  Phosphate  and  Amm.  Sulph. 

—  0.21 

—  0.18 

The  differences  due  to  the  ammonia  are  not  significent.  As  re- 
gards the  rate  of  fermentation,  no  material  benefit  appeared  to 
result  either  as  to  the  initial  velocity  or  time  of  completion.      It 


•  Ammonium  sulphate  was  added  at  the  rate  of  1.2  grams,  sulphuric 
acid  1  cc,  and  sodium  phosphate  2  grams  per  liter. 
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must  not  be  conciuded  from  this  that  the  same  negative  result 
would  be  obtained  when  working  with  large  masses.  On  the  con- 
trary, the  experience  of  fermentation  industries  throughout  the 
world  point  to  very  decided  advantages  from  the  use  of  this  sub- 
stance. Whether  or  no  the  molasses  from  Hawaii  will  prove 
an  exception  cannot  be  decided  except  by  trials  on  a  large  scale. 

(2)  Phosphates.  Delbruck^»  found  that  salts  of  phosphoric 
acid  stimulate  the  fermentative  power  of  yeasts  in  a  most  marked 
degree ;  and  Young  20  states  that  soluble  phosphates  increase  the 
rate  of  evolution  of  carbonic  oxide.  Lange^i  mentions  as 
economical  yeast  foods  potassium  and  ammonium  phosphates, 
while  Barbet  22  found  that  supplying  the  yeast  with  such  foods  as 
peptone  and  phosphoric  acid  considerably  increased  its  ability  to 
multiply  and  secrete  sufficient  sucrase  to  invert  the  sugar.  Ha- 
waiian molasses  are  greatly  deficient  in  phosphates  when  com- 
pared with  other  sources  of  alcohol,  such  as  potatoes  and  grains, 
which  already  contain  a  sufficiency  of  this  substance.^  That  used 
in  this  work  contained  .14  per  cent,  of  phosphoric  anhydride, 
whence  the  wort  would  have  less  than  .03  per  cent.  The  follow- 
ing averages  taken  from  Table  I  show  the  effect  of  added  phos- 
phate :* 

Table  IX. 
EFFECT  OF  PHOSPHORIC  ACID. 


Character  of  Wort. 


Sodium  Phosphate 

Ammonium  Sulphate 

Am  Sulphate  and  Sod.  Phosphate 

Sulphuric  Acid 

Sul.  Acid  and  Sod.  Phosphate... 


Increase  or  De- 

% Total  Sugars 

crease   Due   to 

as  Alcohol. 

Phosphate. 

Sodium 

82.54 

82.12 

—  0.42 

83.04 

81.94 

—  1.10 

83.36 

83.21 

—  0.15 

The  effect  of  this  addition  was,  apparently,  to  diminish  the  yield 
of  alcohol,  and  as  with  ammonium  sulphate,  the  rate  of  fer- 
mentation was  in  nowise  affected.  The  objection  might  be  pre- 
sented that  it  would  have  been  better  to  have  used  the  salt  of 
potash  instead  of  that  of  soda,  potash  phosphate  being  usually 
supplied  in  artificial  nutrient  mixtures.  The  molasses,  however, 
already  contains  a  heavy  percentage  of  potash,  large  quantities  of 
which  are  antagonistic  to  good  fermentation.  Thus  Kossowicz  ^^ 
found  that  the  presence  of  large  amounts  of  potash  salts  retards 
fermentation   by   diminishing  the  multiplication  of  yeast  cells; 
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though,  if  not  in  too  excessive  quantities,  the  yeast  may  become 
acclimatized. 

(3)  As  to  the  remaining  essential  elements,  iron,  magnesia, 
lime,  and  sulphates,  they  are  required  in  very  small  quantities, 
and  the  molasses  contains  more  than  a  sufficiency  of  them. 

4.  Bacterial  Infection. — All  the  work  was  performed  under 
strictly  aseptic  conditions,  and  the  absence  of  bacteria  from  the 
fermentation  was  proved  from  time  to  time  by  means  of  sub- 
cultures ;  the  presence  of  bacteria  would  be  indicated  by  a  consid- 
erable increase  in  the  acidity  of  the  wash  over  the  initial  acidity 
of  the  wort.  There  is  always  some  increase  due  to  the  yeast  it- 
self; Verbriese^-*  defines  as  the  limit  of  increase  of  acidity,  in 
good  fermentation,  0.6  grams  per  liter  as  sulphuric  acid.  The 
differences  in  our  fermentations  slightly  exceeded  this  limit,  as 
may  be  seen  from  Table  X,  where  the  acidities  are  expressed  as 
g^ams  of  sulphuric  acid  per  100  cc. 

Table  X. 

COMPARATIVE  ACIDITIES. 


Wort. 

Wash. 

Wort. 

Wash. 

Wort. 

.196 

.314 

.314 

.352 

.271 

.314 

.392 

.209 

.314 

.300 

.235 

.352 

.209 

.314 

.209 

.186 

.314 

.352 

.431 

.209 

.196 

.274 

.209 

.235 

.241 

.204 

.392 

.209 

.314 

.209 

.220 

.314 

.241 

.314 

.308 

Wash. 


.314 
.392 
.274 
.274 
.274 
.274 
.352 


The  average  acidity  of  the  worts  is  .240  and  of  the  wash  .323, 
an  increa.se  of  .083,  or  .83  per  liter,  which  exceeds  the  limit  named 
by  Verbriese. 

Bacteria  do  not  thrive  in  acid  media,  and  this  fact  is  taken 
advantage  of  in  fermentation  practice  by  the  addition  of  sulphuric 
acid  to  the  wort  at  the  rate  of  10  gallons  to  1,000  gallons  An- 
other effective  bactericide  is  hydrofluoric  acid  or  its  salts.  In 
order  to  work  effectively,  a  yeast  must  be  acclimatized  to  tin* 
presence  of  these  compounds  by  first  growing  it  in  solutions  con- 
taining small  quantities  and  gradually  increasing  the  amount. 
Effront,^'*  to  whom  this  method  is  due,  has  succeeded  in  cultivat- 
ing yeasls  in  worts  containing  36  grams  of  hydrofluoric  acid  per 
TOO  liters.  In  Argentina,^'^  hydrofluoric  acid  was  found  to  be  of 
considerable  assistance,  killing  all  bacterial  infection,  although  it 
retarded  fermentation.  Klocker^e  states  that  yeasts  in  liydro- 
fluoric  acid  media  have  but  feeble  powers  of  budding   but  great 
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fermentative  power.  The  usual  distillery  practice  is  one  ounce  to 
60  gallons.  Table  XI  gives  results  of  fermentations  carried  on  in 
the  presence  of  sulphuric  acid  and  acid  ammonium  fluoride  in 
the  proportion  of  i  cc.  and  .1  gram  per  liter  respectively,  Race 
II,  as  usual,  being  the  yeast  employed. 

Table  XI. 


Addition 
to 

0  *1 

•  .5- 

!1 

OB 

> 

0 

D* 
0^ 

0^ 

Alcohol  %  Total 
Sugars 

Acidity  Grams  Sul- 
phuric Acid  per 
100  cc. 

I     : 
1 

I               j      In- 
Wort.    Wash.  '  crease. 

None 

8ul.  Acid.... 

None 

Am.  Fluoride 
Am.  Fluoride 

1.0695 
1.0695 
1.0568 
1.0568 
1.0568 

9.92 
9.92 
7.76 
7.76 
7.76 

5.45 
5.55 
4.18 
4.13 

4.08 

85.4 
86.8 
83.6 
82.6 
81.6 

.209     :    .274     ;    .065 
.314         .394     '    .080 
.139     1    .274     1    .135 
.149     1    .235         .086 
.149     !    .274         .125 

It  is  thus  apparent,  that  with  two  safeguards  against  infectibn, 
viz.»  sterility  and  presence  of  substances  fatal  to  bacterial  develop- 
ment, there  is  still  a  decided  increase  in  the  acidity  of  the  wash. 
This,  however,  would  account  for  a  very  small  proportion  of  the 
sugars  unaccounted  for,  and  is  doubtless  due  to  the  nature  of  the 
yeast  itself  and  its  natural  products. 

5.  Effect  of  Aeration. — All  of  the  fermentations  heretofore 
reported  were  in  worts  containing  no  air,  or  only  that  absorbed 
in  the  Carlsberg  vessel  during  the  cooling  of  its  contents  and 
withdrawal  of  portions  for  fermentation.  Nageli  and  other 
authors  have  shown  that  in  the  presence  of  an  abundance  of 
oxygen  the  same  amount  of  alcohol  is  produced  by  yeasts  as  be- 
fore. Aeration  causes  more  rapid  multiplication  of  the  yeast  cells, 
but  at  the  expense  of  some  of  the  sugar  in  the  fermenting 
medium.2''  Aeration  is,  accordingly,  best  used  in  connection  with 
the  preparation  of  a  mother  yeast,  supplying  in  this  way  a  large 
number  of  vigorous  yeast  cells  to  the  wort  to  be  fermented.  To 
determine  the  relative  yields  with  and  without  aeration,  wort  was 
deprived  of  its  air  by  heating  in  an  autoclave.  Two  lots  were 
fermented  with  a  slow  stream  of  air  passing  through  a  sterile 
cotton  plug  and  thence  through  the  wash  for  twenty-four  hours 
after  adding  the  yeast;  the  other  two  without  aeration  being 
started  at  the  same  time.  The  results  in  Table  XII  show  that  the 
results  were  practically  identical,  with  the  exception  that  in  the 
second  trial,  the  fermentation  in  the  aerated  lot  was  finished  24 
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the  manganese  added,^^  while  the  glycerol  and  volatile  acids  di- 
minish. GimeP*^  states  that  one  part  of  stannous  chloride  in. 
10,000  wort  increases  the  yield  4  per  cent.  These  salts  were  tried 
with  our  molasses,  alone  and  along  with  ammonium  fluoride. 
Race  II  was  first  started  in  worts  containing  very  small  quantities 
of  the  stimulants,  the  amounts  thereof  being  gradually  raised 
until  the  proportions  were 

Acid  Ammonium  Fluoride o.i  gram  per  liter 

Manganese  Sulphate i.o     "       "       " 

Stannous  Chloride o.i      "       "       " 

Table  XIII  shows  that  there  was  no  improvement  in  the  action 
of  the  yeast  with  the  exception  where  manganese  sulphate  in- 
creased the  alcohol  yield  one  per  cent,  by  volume  when  used  alone, 
but  did  not  improve  it  when  used  with  ammonium  fluoride.  These 
results  are  taken  from  a  series  of  three  fermentations. 
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Table  XIII. 

EFFECT  OF  STIMULANTS 

Salts  Added. 

Specific  Gravity 
of  Wort 

Attenuation 

m 

3   S  OD 

•&    OB    C 

Alcohol  %  Total 
Sugars 

Alcohol  %  Vol.... 

Acid  Ammonium  Fluoride . 

1.0568 

30.9     j 

7.76 

4.13 

82.6 

Manganese  Suphate 

Stannous  Chloride 

1.0568 
1.0568 

30.1     1 
31.1 

7.76 
7.76 

4.23 

4.18  ; 

84.6 
83.6 

Acid  Am.  Fluo.  &  Mang.  Sul.. 

1.0568 

30.8 

7.76 

4.10     1 

82.1 

Acid  Am.  Fluo.  &  Stan.  Chi. . . . 

1.0568 

31.6 

7.76 

4.18     1 

83.6 

Xone 

1.0568 

30.8 

7.76 

4.18     1 

83.6 

Comparison  of  the  Results  Obtained  with  Hawaiian 
Molasses  and  those  Obtained  Elsewhere. 


One  of  us,  having  had  a  somewhat  extensive  experience  with 
the  fermentation  of  molasses  elsewhere,  was  struck  by  the  very 
low  attenuation  and  yield  given  by  the  majority  of  Hawaiian 
molasses;  in  Demerara,  wash  set  at  1.060  seldom  has  a  final  den- 
sity of  more  than  1.020,  and  in  certain  cases  may  reach  to  as  low 
as  1. 01 5.  The  Hawaiian  molasses,  with  which  we  worked  under 
aseptic  conditions,  never  gave  so  high  an  attenuation  as  this. 
Thinking  that  the  low  attenuation  of  the  Hawaiian  molasses  might 
possibly  be  due  to  a  faulty  fermentation,  we  obtained,  through 
the  kindness  of  Mr.  W.  M.  B.  Shields  of  Demerara,  samples  of 
exhausted  molasses  from  this  locality  and  fermented  them  under 
the  same  conditions  under  which  we  had  treated  the  Hawaiian 
molasses. 

The  molasses  from  Demerara  were  of  the  composition  shown 
below : 


Molasses  A. 

Molasses  B. 

Brix 

82.85 
77.50 
36.50 
38.30 
44.05 
49.40 
19.63 
51.20 
8.23 

82.85 

Total  Solids 

80.25 

Sucrose,  Direct  Polarization 

Sucrose,  Clerget 

35.00 
34.90 

Puritv»  Apparent 

42  20 

Purity,  True 

43.50 

Glucose   

32.52 

Glucose  Batio 

93.20 

Ash   

5.17 
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For  the  purpose  of  fermentation,  these  molasses  were  diluted 
to  a  specific  gravity  of  about  1.060.  At  this  density,  molasses  B 
contained  13.19  grams  total  sugars  per  100  cc,  and  the  fermenta- 
tion was  extremely  slow.  A  further  fermentation  was  therefore 
carried  on  with  a  weaker  wort.  The  results  are  given  in  Table 
XIV. 

Table  XIV. 

FERMENTATION  OF  DBMERARA  MOLASSES. 


i 

X 

0 

X 

Specific 
Gravity. 

> 

£3 
P 

0' 
0 

Sugars  Grams 
per  100  cc 

Alcohol  %  Total 
Sugars 

Alcohol  %  Vol 

Gallons  IT. 
Proof  Al 
per  Gall( 
Molasses 

Wort.      Wash. 

S. 
cohol 

A 

120 

1.0604     1.0128 

47.6 

11.54 

6.45 

R6.8 

.92 

A 

120 

1.0604     1.0104 

50.0 

11.54 

6.70     1 

90.2 

.97 

B 

168 

1.0607  1   1.0110 

49.7 

13.19  1 

7.03     1 

82.8 

1    1.00 

B 

72 

1.0445     1.0048 

39.7 

1      9.67 

5.33 

85.6 

'    1.04 

A  low  attenuation  being  obtained  with  these  molasses  shows 
that  the  action  of  the  yeast  was  not  at  fault,  and  the  difference  in 
the  attenuation  between  Hawaiian  and  Demerara  molasses  is 
readily  explained  from  their  composition.  Typical  Hawaiian  mo- 
lasses, though  of  similar  purity  to  well  exhausted  molasses  from 
other  localities,  yet  contain  much  less  total  sugars,  i.  e.,  sucrose 
and  reducing  sugars,  and  hence,  when  set  at  the  same  density, 
will  give  a  less  attenuation  due  to  the  less  quantity  of  fermentable 
matter  present. 

COMPARLSON    OF    RESULTS    WITH     AdV^ENTITIOUS     FERMENTATION 

AND  UxDitiR  Pure  Culture. 

The  results  obtained  in  the  section  immediately  above  afford  a 
comparison  of  the  difference  in  results  when  working  under 
ordinary  conditions  and  under  conditions  of  pure  culture.  In 
actual  practice  and  under  pure  culture  the  molasses  A  gave  results 
as  shown  below : 


Wash  set  at 

Final  Density 

Attenuation 

Proof   Spirit    %    Calculated   from    At- 
tenuation*   


Actual 
Results. 


1.0600 
1.0200 
40.0 

9.36 


Pure  Culture. 


1.0604 
1.0128 
47.6 

11.14 


1.0604 
1.0104 
50.0 

11.70 
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That  is  to  say,  that  under  pure  cuhure  methods  of  working  an 
increased  yield  of  22%  of  alcohol  can  be  expected  over  that  ob- 
tained when  working  under  the  conditions  usually  prevailing  in 
tropical  cane-sugar  distilleries. 

A  further  comparison  is  offered  in  Table  XV  where  results 
from  another  factory  fermentation  and  from  pure  culture  are 
given. 

Table  XV. 

4:OMPARISON  OF  FACTORY  AND  LABORATORY   RESULTS. 


Wash  set  up  at 

Wash  Attenuation  to 

Attenuation 

Proof  Spirit  by  Analysis*. . 

Pounds  Glucose   per  Gallon 

Proof    Spirit 


Factory. 


Laboratory. 


Molasses  A. 


Molasses  B. 


1.0604 
1.0128 

47.6 

11.20 

10.28 


9.80       '  10.75 


1.0604  1.0607         L0445 

L0104  I  1.0110         L0048 

50.0         I  49.7  I   39.7 

11.73  12.30  I     9.33 


10.41 


We  may  conclude  then,  that  the  yields  obtained  in  these  ex- 
periments are  at  least  equal  to  those  possible  when  working  under 
factory  conditions  with  pure  culture  yeasts  and  sterile  precautions. 
In  the  following  calculations  it  will  be  considered  that  from  each 
gallon  of  the  average  molasses  of  these  islands  there  may  be  ob- 
tained in  the  fermentation  0.77  gallon  of  proof  spirit  or  .405  gallon 
of  95  per  cent,  alcohol.     In  other  words,  there  are  required  : 

1.30  gallons  molasses  to  i  gallon  proof  spirit. 

2.47  gallons  molasses  to  i  gallon  95%  alcohol. 

2.60  gallons  molasses  to  i  gallon  absolute  alcohol. 

Fertilizing  Value  of  Molasses  Before  and  After  Fermen- 
tation. 

The  residue  or  wash  after  distilling  off  the  alcohol  is  called 
lees,  or  usually,  when  referring  to  beet  molasses,  vinasse.  The 
vinasse  is  largely  conserved  for  its  fertilizing  value  by  concentra- 
tion under  vacuo,  and  there  have  been  published  many  devices  for 
the  most  economical  manner  of  conducting  this  operation.  There 
has  been  on  the  local  market  a  fertilizer  derived  from  this  source. 
It  is  of  a  black  color,  fine  granular  in  appearance,  and  contains 

*  These  figures  represent  English  proof  spirit,  which  contains  57.06 
per  cent,  alcohol  by  volume. 
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2i.7  per  cent,  nitrogen  and  16.8  per  cent,  potash.  One  process  ^^ 
after  partial  concentration  acidities  with  sulphuric  acid,  and  after 
a  further  concentration,  part  of  the  potash  crystallizes  out  as  sul- 
phate. The  residual  liquor  is  then  evaporated  to  dryness,  yield- 
ing a  material  containing  5  to  7  per  cent,  of  nitrogen  and  6  to  7 
per  cent,  of  potash.  A  still  more  complicated  process  is  worked 
in  some  plants  in  Germany ,^^  where  by  dry  distillation  of  the 
concentrated  vinasse,  a  fourth  of  the  nitrogen  is  recovered  as 
sodium  cyanide  and  an  equal  amount  as  ammonium  sulphate. 
The  remaining  half  is  lost,  whilst  the  coke  is  sold  to  other  estab- 
lishments to  be  worked  up  into  potash.  This  process,  however, 
requires  an  extensive  and  intricate  plant,  and  presents  many  com- 
plicated problems.  It  has  not,  as  far  as  we  know,  been  investi- 
gated with  regard  to  the  residue  from  cane  molasses  fermenta- 
tions. 

The  potash  in  the  molasses  remains  unchanged  during  fermenta- 
tion, and  is  all  to  be  found  in  the  lees  and  sedimentary  yeast.  If 
this  w^ere  evaporated  and  charred,  the  potash  could  all  be  ex- 
tracted and  crystallized  either  as  a  mixture  of  carbonate,  chloride, 
and  sulphate,  or  as  sulphate,  according  to  whether  or  not  it  was 
treated  with  sulphuric  acid  before  burning.  In  this  case  all  the 
nitrogen,  which  is  more  valuable  pound  for  pound  than  the  potash, 
would  be  lost. 

Two  Hawaiian  molasses  before  and  after  fermentation  gave  the 
results  as  given  in  Table  X\T,  the  figures  representing  grams  of 
nitrogen  per  liter. 

Table  XVI. 
NITROGEN  BEFORE  AND  AFTER  FERMENTATION. 

I     Wort. 


Nitrogen  as  Ammonia |  .0385 

Nitrogen,  Albuminoid j  .0329 

Nitrogen,  Amido* I  .8106 

Nitrogen  in  Yeast |  .... 

Nitrogen,    Total j  .8820 


Wash. 

Wort. 

Wash. 

.0093 

.0154 

.0070 

.0354 

.0189 

.0161 

.7715 

.7861 

.6069 

.0444 

!     .1674 

.8606 

.8204 

.7974 

Then  nitrogen  in  the  yeast  is  mostly  albuminoid,  and  has  been 
formed  in  the  metabolism  of  the  yeast  at  the  expense  of  the  am- 
monia and  amide  nitrogen  of  the  molasses.  A  method  of  pre- 
paring the  yeast  residue  for  use  as  a  fertilizer  has  been  published 
by  Schidrowitz  and  Kaye,^^  which,  by  treating  it  with  sulphuric 
acid  and  drjnng  with  chalk,  gives  a  mass  containing  8  to  9  per 
cent,  ammonia. 

With  a  distillery  situated  adjacent  to  cane  fields,  the  lees  could 


*  By  Difference. 
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be  used  directly  as  a  fertilizer,  by  being  conducted  thereto  either 
by  gravity  or  pumps,  of  course  after  liming  to  correct  the  ex- 
cessive acidity.  The  fermentation  industry  can,  however,  be  car- 
ried on  most  profitably  in  large  establishments,  and  a  centralized 
distillery  might  therefore  produce  much  more  residual  lees  than 
could  be  disposed  of  to  advantage  in  the  above  manner.  In  order 
to  transport  the  fertilizing  ingredients,  it  would,  of  course,  be 
necessary  to  concentrate  the  lees. 

The  concentrated  and  dried  lees  is  not  easy  to  handle.  On  ac- 
count of  the  large  amount  of  caramel  therein,  which  is  extremely 
deliquescent,  and  also  the  considerable  quantities  of  chlorides  of 
the  alkaline  earths,  which  are  very  hygroscopic,  the  finished  con- 
centrate takes  up  water  rapidly  from  the  air  and  soon  becomes 
pasty.  By  proper  treatment,  especially  with  sulphuric  acid,  this 
character  can  be  considerably  modified,  giving  a  product  which  is 
relatively  easy  to  handle.  Kestner^^  proposes  that  vinasse  for 
use  as  fertilizer  should  be  concentrated,  dried,  and  mixed  with 
some  absorbent,  preferably  peat,  which  gives  a  product  of  suitable 
mechanical  condition,  the  greater  cost  of  which  is  compensated 
from  the  increased  profits  derivable  from  its  sale  as  fertilizer. 

Two  lots  of  lees  from  Hawaiian  molasses  were  evaporated  first 
on  a  water  bath,  then  in  a  drying  oven,  until  perfectly  dry.  One 
lot  received  no  treatment,  the  other  was  acidulated  with  sulphuric 
acid.  The  first  lot  lost  its  good  condition  after  two  days  exposure 
to  the  air,  but  the  second,  even  after  the  lapse  of  several  weeks, 
showed  no  very  great  tendency  to  become  pasty  and  unmanage- 
able. 

Table  XVH. 

ANALYSIS  OF  DRIED  LEES. 


Nor 

-Acidulated. 

Aci 

dulated. 

^ 

O 

^ 

^ 

^     1 

^ 

S.3 

^3 

t3    B 

"^    1 

o 

3 

ds  per  Gal- 
Molasses 

CD 
3 

^3     1 

1 

O  t3 

PI 

Drv  Matter 

.... 

90.0 

3.735 

1 
1 

98.14 

4.073 

Loss   on  Ignition 

62.76 

'    56.48 

2.344 

60.75 

59.62  1 

2.474 

Potash 

15.71 

14.13 

.587 

13.15 

12.91   ( 

.536 

Nitrogen 

1.01 

.91 

.038 

.93 

.92 

.038 

Phosphorie  Acid 

.45 

.41 

.019 

.50 

.49 

.020 
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To  the  totals  in  the  lees  must  be  added  the  nitrogen,  phosphoric 
acid,  and  potash  in  the  yeast  sediment.  The  last  was  not  deter- 
mined, but  as  this  particular  molasses  was  extremely  high  in  this 
element,  the  results  as  given  in  Table  XVIII  will  not  be  far  from 
the  average  to  be  expected  when  handling  a  mixture  of  molasses 
of  the  extremely  divergent  composition  that  obtains  from  the  dif- 
ferent mills.  Table  XVTII  is  calculated  from  the  average  of  the 
results  of  Table  XVII. 

Table  XVIII. 

FERTILIZING  INGREDIENTS  IN  LEES. 


Dry  Matter  in  Lees , 

Potash 

Nitrogen  in  Dried  Lees. . 

Dried  Yeast 

Nitrogen  in  Yeas' 

Total  Nitrogen 

Phosphoric  Acid  in  Lees.  . 
Phosphoric  Acid  in  Yeast. 
Phosphoric  Acid  Total.  . . 


Pounds  per 

Per  cent. 

Grams  per 

Gallon 

Liter    Lees. 

Molasses. 

.... 

94.07 

3.904 

14.43 

13.574 

.563 

.97 

.912 

.038 



1.300 

.054 

8.12 

.106 

.004 

1.018 

.042 

.48 

.452 

.018 

4.59 

.060 

.002 

.512 

.020 

Cost  of  Manufacture  of  Alcohol. 

The  cost  of  manufacture  is  naturally  affected  by  many  condi- 
tions, such  as  the  price  of  labor,  fuel,  containers,  freight,  etc.  In 
Demerara,  the  cost  of  95  per  cent,  alcohol  in  a  distillery  produc- 
ing 100  gallons  of  spirit  per  hour  is  about  5  cents  per  gallon,  ex- 
clusive of  containers,  fuel,  and  freight.  In  the  United  States, 
Heyn  ^^  estimates  the  cost  of  manufacturing  alcohol  at  8  cents 
per  gallon,  excluding  the  cost  of  the  molasses.  J.  N.  S. 
Williams  ^^  in  his  report  as  chairman  of  Committee  on  Utiliza- 
tion of  By-products,  stated  to  the  Hawaiian  Sugar  Planters'  Asso- 
ciation that  it  would  cost  10.2  cents  per  gallon,  exclusive  of  cost 
of  molasses.  In  Cuba,^^  the  cost  is  about  10  cents  per  gallon, 
while  Wiley  ^^  places  the  cost  at  something  under  this  amount. 
It  may  be  safely  assumed,  then,  that  the  cost  of  manufacturing 
alcohol,  not  including  the  purchasing  of  the  raw  material,  will 
not  exceed  10  cents  per  gallon. 

Cost  of  Recovering  Fertilizer  Elements. 

It  is  a  harder  matter  to  establish  definite  figures  as  to  what  will 
be  the  expense  attached  to  a  plant  for  recovering  the  fertilizing 
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materials  in  the  lees  in  such  form  that  it  may  be  transported.  It 
has  been  the  practice  in  some  places  to  run  the  lees  into  large 
ponds,  and  afterwards  digging  out  the  soft  black  mud  for  its  fer- 
tiHzing  contents;  this  is  not  very  economical,  and  at  best  an 
extremely  unsanitan*  proceeding.  Another  method  is  described 
by  one  of  us***  as  folows:  "With  regard  to  liquid  manuring, 
the  great  objection  is  the  bulk  of  material  to  be  dealt  with,  so  that 
means  to  collect  the  valuable  constituents  are  naturally  looked  for. 
Lees,  when  allowed  to  settle,  give  a  considerable  deposit,  and, 
when  treated  with  lime,  give  a  copious  precipitate.  It  was  found 
by  direct  experiment  that,  completely  to  precipitate  i,ooo  gallons 
of  lees.  150  pounds  of  commercial  temper  lime  were  necessary. 
After  treatment  lees  that  contained  .0104  pound  nitrogen  per 
gallon,  now  contained  .00406  pound  per  gallon,  .showing  that 
al>out  60  per  cent,  of  the  nitrogen  was  precipitated.  On  filtration 
a  sludge  in  volume  about  15  per  cent,  of  the  lees  treated  was  ob- 
taineil ;  the  precipitated  matter  when  dr}*  contained  3.82  per  cent. 
of  nitrogen.  The  treatment  of  lees  in  this  way  would  require 
no  expensive  outlay,  the  sludge  obtained  might  be  used  direct  or 
j^asscil  through  filter  presses  and  formed  into  a  solid  cake.  The 
sludge  fillers  easily,  and,  when  dry,  forms  a  dirty  gray,  easily  pul- 
verized material :  the  cakes  would  hold  about  50  per  cent,  of 
water  and  would  contain  about  19  per  cent,  nitrogen.  This 
nietliiHl  oi  treatment  would  still  leave  the  potash  to  run  to  waste." 

The  method  we  shall  consider  is  that  of  concentration.  The 
ci^st  of  evaiH^ration  will  vary  greatly  according  to  the  density  at 
wliioh  the  wi>rt  is  set  up.  It  has  been  shown  that  some  yeasts 
will  act  equally  well  in  worts  containing  from  9  to  12  per  cent. 
oi  sugars,  that  is,  at  densities  of  wort  varying  from  1.065  to 
i.iXK^;  antl  with  no  great  diminution  of  effectiveness  even  at  a 
denMiy  oi  1. 10  with  i4.(>  j>er  cent,  of  sugars.  By  selection  of  a 
yoast  Wi^rkinor  pn^perly  in  such  a  concentration,  not  only  will  the 
cost  oi  eva|xTaiii>n  oi  the  lees  be  smaller,  but  that  of  distillation 
oi  the  spirit  will  be  maierially  lessened. 

Anotlier  manner  in  which  it  was  thought  it  might  be  possible 
to  txouoimzc  on  tlie  evajx^raiion  incident  to  the  recover\'  of  the 
fertilizing  olonuMUs,  was  to  use  lees  for  diluting  the  molasses  for 
fennentation  instead  oi  water.  Two  equal  weights  of  molasses 
w  ore  diluted,  one  w  ith  500  cc,  oi  water  and  the  other  with  500  cc. 
oi  Kx^s.  Tlie  density  oi  the  lees  was  1.0349,  acidity  equivalent  to 
.30 J  trrani  snlj^luiric  acid  |H*r  ux>  cc  and  the  content  of  reducing 
bodies  eipial  to  .02  gram  per  100  cc.  The  results  of  three  series 
oi  fernientalit^ns  oi  each  are  given  in  Table  XIX. 
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coal  will  evaporate  8  pounds  of  water,  and  in  a  triple  effect  ap- 
proximately three  times  that  quantity.  As  evaporation  of  lees 
could  be  only  partially  accomplished  in  vacuo,  and  a  final  drying 
would  have  to  be  effected  in  open  vessels,  it  will  be  safer  to  as- 
sume that  there  will  be  required  a  pound  of  coal  for  two  gallons 
of  lees.  A  short  ton  of  coal  will  therefore  concentrate  4,000  gal- 
Ions  of  lees.  The  value  of  the  residue,  from  the  figures  of  Table 
XVTII  will  be: 

Potash,  450  pounds  at  6  cents $27.00 

Nitrogen,  16  pounds  at  20  cents 3.20 


$30.20 


With  coal  at  ten  dollars  per  ton,  this  leaves  a  wide  margin  for 
operating  expenses,  bagging,  interest,  and  a  reasonable  profit. 

Value  of  Molasses  as  Alcohol  and  Fertilizer. 

Price  of  Alcohol.  Denatured  alcohol  sold  at  Peoria  in 
1907  *^  in  lots  of  5  or  more  barrels  for  35  cents  per  gallon.  Al- 
lowing ten  cents  per  gallon  for  the  denaturing,  the  alcohol  from 
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the  molasses  would  be  worth  25  cents  per  gallon.  On  this  basis, 
and  with  potash,  nitrogen,  and  phosphoric  acid  worth  6,  20,  and 
2  cents  per  pound  respectively,  the  following  estimates  of  the 
value  of  the  molasses  have  been  made,  using  the  molasses  as  de- 
scribed on  page  . .  as  the  raw^  material. 

This  molasses,  with  a  specific  gravity  of  1.5 1,  will  contain  in 
1,000  gallons: 

Total  Solids  10,630     pounds 

Total  Sugars 6,231 

Solids  not  Sugar 4»3S^  ** 

Potash 615 

Nitrogen 80.5 

Phosphoric  Acid 14.0       " 

If  this  molasses  is  diluted  with  six  times  its  volume  of  water, 
the  wort  as  set  up  will  be  composed  as  follows,  the  contraction 
due  to  mixing  water  and  molasses  being  neglected : 

Gallons  of  Wort 7,000 

Specific  Gravity i  .0730 

Sugars,  Grams  per  100  cc 10.7 

-  If  the  sugars  yield  83  per  cent,  of  the  theoretical  amount  of 
alcohol,  this  will  yield  421  gallons  of  95  per  cent,  alcohol. 

In  order  to  obtain  the  potash,  nitrogen,  and  phosphoric  acid,  it 
will  be  necessary  to  evaporate  a  volume  of  water  about  equal  to 
that  of  the  wash,  on  account  of  the  condensation  of  steam  in  the 
column  during  distillation.  By  this  operation,  all  the  potash  and 
phosphoric  acid  will  be  recovered,  but  during  the  concentration 
some  of  the  nitrogen  may  be  lost.  In  the  molasses,  the  nitrogen 
exists  in  the  proportion  of  .131  to  i,  while  in  the  lees  reported  in 
Table  XVIII.  this  ratio  became  .074  to  i.  We  could  therefore 
expect  from  1,000  gallons  of  the  molasses  46  pounds  of  nitrogen. 

The  returns  from  such  an  operation  would  be  about  as  follows : 
421  gallons  95  per  cent,  alcohol  at  25  cents.  .$105.25 

615  pounds  of  potash  at  6  cents 36.90 

46  pounds  of  nitrogen  at  20  cents 9.20 

14  pounds  of  phosphoric  acid  at  2  cents. . .         .28 

$151.63 
The  expenses  attached  to  this  production  would  b*:^  approxi- 
mately : 

421  gallons  alcohol  at  10  cents $42.10 

Evaporation  of  lees  (Fuel  at  $10.00  per  ton)  .    17.25 
Labor,  bags,  etc.,  on  above,  say 50 

$59.85 
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oi  pnospnonc  acia  per  i  .cxx3  gallons.  i  ne  average  niirogen  con- 
tent of  the  molasses  treated  in  this  present  hulletin  is  .64  per  cent., 
identical  with  that  of  the  molasses  used  in  the  calculations  pre- 
ceding. It  may  then  he  safely  assumed  that  the  amount  recovered 
will  he  the  same. 

Setting  the  wash  up  with  six  times  its  volume  of  water,  and 
allowing  five  per  cent,  loss  of  alcohol  during  manufacture,  there 
would  result  from  the  fermentation  of  1,000  gallons  of  molasses: 
38=;  gallons  95  per  cent,  alcohol  at  25  cents.  .$  96.2^ 

486  pounds  potash  at  6  cents 29.16 

26  pounds  phosphoric  acid  at  2  cents .52 

47  pounds  nitrogen  at  20  cents 9.40 


$135.33 
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Against  this  would  be  the  following  expense : 

385  gallons  alcohol  at  10  cents $38.50 

Recovery  of  fertilizer 17-75 


$56.25 


Whence  the  profit  of  $79.08  would  give  a  value  to  the  molasses 
of  7.9  cents  per  gallon. 

Now,  if  the  molasses  is  set  up  with  43^  times  its  volume  of 
water,  against  returns  of  $1 35-33  as  before,  will  be  expenses  as 
follows: 

385  gallons  alcohol  at  10  cents $38.50 

Recovery  of  fertilizers ^4.25 


$52.75 


Leaving  a  profit  of  $82.58,  and  a  value  to  the  molasses  of  8.3 
cents. 

It  is  felt  that  the  figures  given  above  are  quite  conservative. 
It  is  very  probable  that  by  careful  selection  and  acclimatization,  a 
yeast  will  be  found  that  will  not  only  give  as  good  yields  in  prac- 
tice as  are  achieved  in  the  laboratory,  but  will  work  equally  well 
in  worts  of  suflficiently  high  density  to  make  the  recovery  of  the 
fertilizing  ingredients  most  economical.  Likewise  it  should  be 
possible  by  careful  handling  of  the  lees,  to  recover  a  far  greater 
percentage  of  the  nitrogen  than  we  suceeded  in  doing  with  our 
laboratory  apparatus. 

A  very  important  item  of  expense  not  so  far  taken  into  account 
is  that  of  the  carriage  of  the  molasses  to  the  distillery.  This  will 
no  doubt  amount  to  a  considerable  proportion  of  the  expense 
column,  but  should  not  exceed  two  cents  per  gallon.  Making  a 
further  allowance  for  interest  on  the  investment  and  depreciation, 
and  with  molasses  yielding  a  final  value  of  five  cents  per  gallon, 
there  would  result  to  the  plantations  on  10,000,000  gallons  a  re- 
turn of  a  half  million  dollars  per  annum.  Thus,  even  with  a 
considerable  drop  in  the  price  of  raw  spirit,  a  liberal  margin  of 
profit  is  still  left. 

Usp:s  of  Denatured  Alcohol. 

An  immense  vista  of  manufacturing  possibilities  has  been 
opened  by  the  enactment  of  the  law  permitting  the  use  of  tax- 
free  alcohol,  such  as  that  of  smokeless  powder,  celluloid,  artificial 
silk,  collodion,  and  varnishes,  all  of  which  are  industries  con- 
suming immense  quantities  of  spirit.  To  these  islands,  however, 
the  most  probable  benefit  will  be  that  of  supplying  a  substitute  for 
kerosene  and  gasoline  as  source  of  light,  heat,  and  motive  power. 
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The  supply  of  the  petroleum  products  is  directly  dependent  on 
the  amount  existing  in  the  earth  and  cannot  be  increased  by  any 
known  human  agency.  That  of  alcohol  is  controlled  directly  by 
human  activity  and  will  be  increased  or  diminished  according  to 
the  demand.  There  were  in  1907  at  least  300,000  explosion 
motors  in  use,  each  engine  averaging  eight  horse  power  and  con- 
suming about  ten  gallons  of  gasoline  a  day.**  This  number  is  con- 
stantly increasing ;  and  as  the  demand  for  gasoline  likewise  grows 
greater  and  no  additional  sources  of  supply  are  developed,  the 
price  of  gasoline  will  naturally  become  higher.  Alcohol  can  be 
produced  wherever  crops  grow.  Its  production  entails  no  ex- 
haustion of  the  soil,  as  only  the  elements  derived  from  air  and 
water  enter  into  its  composition.  When  the  production  of  the 
petroleum  products  cannot  keep  pace  with  the  ever  increasing  de- 
mand, those  countries  furthest  removed  from  the  sources  of  supply 
will  first  feel  the  eflfect  of  the  increased  cost,  owing  to  the  distance 
from  the  market  and  expense  of  transportation.  We  have  here 
in  Hawaii,  in  one  of  our  waste  products,  that  which  will  contribute 
in  a  large  measure  towards  the  supplying  of  a  necessary  and  effi- 
cient substitute. 

Light, — As  a  producer  of  light,  alcohol  easily  outranks  kero- 
sene and  is  inferior  only  to  gas.  Tests  made  by  the  Electrical 
Testing  Co.  of  New  York  City,  gave  results  as  follows : 

Candle  Candle 

Lamp.  One  gallon  will  last  Power.  Power,  Hours. 

Alcohol 57  hours,     5  minutes.         30.35  17.32 

Oil 28  hours,  40  minutes.  30.8  8.83 

A  German  firm  reports  the  following  results,  taking  alcohol  at 
30  cents  and  kerosene  at  18  cents  per  gallon  : 

Cents  per  16  candle 
power  hour. 

Alcohol    .0008 

Gas   .0006 

Electricity .0014 

Kerosene .ooio 

With  alcohol  costing  twice  as  much  as  kerosene,  these  figures 
show  the  expense  of  operation  to  be  about  the  same.  The  alcohol 
lamp  has  the  advantages  of  fouling  the  atmosphere  less  than  half 
what  the  kerosene  lamp  does;  it  is  safer,  since  burning  alcohol 
can  be  extinguished  by  water;  cleaner,  requires  less  attention,  and 
gives  a  uniform  light. 

Fuel. — As  a  fuel  for  heating  or  cooking  purposes,  the  alcohol 
is  apparently  not  as  efficient  as  the  oil  products,  when  judging 
from  the  theoretical  amount  of  heat  furnished  by  each.      Never- 
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theless,  in  practice  the  relative  efficiency  of  the  fuels  is  such  that 
the  alcohol  costs  only  one-fifth  more  than  the  gasolene. 

Motors. — As  a  substitute  for  gasolene  in  internal  combustion 
engines,  gasolene  at  its  present  price  is  considerably  more  efficient 
than  alcohol,  although  in  Germany,  with  alcohol  at  29  cents  per 
gallon,  a  large  number  of  alcohol  motors  are  used,  particular  in 
agricultural  operations.  Very  complete  descriptions  of  such  ap- 
pliances are  to  be  found  in  "Denatured  or  Industrial  Alcohol/' 
R.  F.  Herrick,  and  "Industrial  Alcohol/'  J.  K.  Brachvogel. 
Among  the  advantages  of  alcohol  are  the  facts  that  it  is  far  less 
dangerous  than  the  readily  inflammable  petroleum  products,  the 
exhaust  odors  are  not  as  disagreeable,  there  are  no  clogging 
products,  the  explosive  mixture  will  stand  a  higher  degree  of 
compression,*  and  it  can  be  relied  upon  to  be  of  a  uniform  com- 
position. The  attention  of  engineers  has  not  been  long  engaged 
in  the  investigation  of  alcohol  as  a  motive  power,  and  we  can  con- 
fidently anticipate  that  before  long,  aided  perhaps  by  an  increase 
in  the  cost  of  gasolene,  motors  will  have  been  devised  for  alcohol 
which,  besides  the  advantages  enumerated  above,  will  also  possess 
that  of  being  operated  at  an  equal  or  less  cost  than  those  of 
gasolene. 

Explanation  of  Terms. 

Attenuation. — The  difference  between  the  specific  gravity  of 
the  wort  and  completely  fermented  wash,  the  decimal  point 
being  removed  three  places  to  the  right.  For  each  five  degrees 
of  attenuation,  there  may  be  expected  about  1.33  gallons  of  proof 
spirit  per  gallon  of  wash.^^ 

Adventitious  Fermentation. — That  which  is  induced  by  yeasts 
existing  in  the  air,  on  the  cane  or  on  the  sides  and  bottoms  of  vats 
used  in  a  previous  fermentation  which  was  started  by  yeasts  from 
the  air  or  cane. 

Denaturing. — This  is  the  process  of  rendering  alcohol  unsuit- 
able for  drinking,  and,  as  defined  by  Wiley  -^^  consists,  essentially, 
in  adding  to  the  alcohol  a  substance  soluble  therein  of  a  bad 
taste  or  odor,  or  both,  of  an  intensity  which  would  render  it  im- 
possible or  impracticable  to  use  the  mixture  as  a  drink. 

Lees. — The  residue  after  the  alcohol  has  been  distilled  from  the 
wash. 

Proof  Sf>irit. — The  United  States  definition  is  "that  alcoholic 
liquor  which  contains  one-half  its  volume  of  alcohol  of  a  specific 
gravity  of  .7939  at  60     Fahrenheit,""  in  other  words,  half  its 


*  The  compression  of  alcohol  vapor  may  be  safely  carried  to  200  pounds 
per  square  inch,  while  that  of  gasoliue  cannot  enduce  more  than  80 
pounds  without  danger  of  premature  exj)losion. 
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as  varietal  and  not  as  specific,  and  hence,  in  place  of  giving  new 
names,  as  species,  to  the  budding  yeasts  that  we  have  isolated,  we 
prefer  to  refer  them  all  to  5.  vordennunuii,  as  this  variety  or 
species  has  received  a  general  acceptance  in  the  literature. 

The  yeast  obtained  from  Peru  was  a  fission  yeast ;  of  fission 

Schizosaccharomyces  mellacei,  isolated  by  Greg  from  Jamaica 
yeasts,  which  are  of  less  frequent  occurrence  than  budding  yeasts, 
we  have  found  in  the  somewhat  restricted  literature  at  our  dis- 
posal, notices  of  only  the  two  following: 

Schizosaccharomyces  pomhCj  isolated  from  Kaffir  millet  beer  in 
South  Africa. 

Schizosaccharomyces  mellacel,  isolated  by  Greg  from  Jamaica 
distilleries  and  presumably  the  form  studied  by  Allan. 

Schizosaccharomyces  octosporits  isolated  by  Beijerinck  from 
currants. 

Schizosaccharomyces  comesii  isolated  by  Cavara  from  millet. 

Fission  yeasts  have  also  been  noticed  by  Perrault  ^"^  (in  dis- 
tilleries in  the  Leeward  Islands),  who  mentions  that  most  of  those 
that  were  observed  formed  four  spores. 
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The  vegetative  form  of  the  yeast  we  isolated  from  Peru  seems 
to  be  distinct  from  the  form  illustrated  by  Lindner  ^o  as  typical  of 
Sch.  ponibe,  and  also  from  Sch.  tnellacei  as  described  by  Jorgensen, 
but  in  view  of  the  limited  literature  at  our  disposal  we  do  not  feel 
justified  in  making  a  new  species  for  this  yeast. 

From  the  specimen  of  yeast  obtained  from  Natal,  we  isolated 
an  organism  with  the  following  characteristics:  on  agar  plates  it 
formed  a  surface  growth,  at  first  smooth  and  eventually  becoming 
extremely  crinkled;  examined  under  the  microscope,  two  forms 
of  cells  were  observed;  some  resembling  typical  saccharomyces 
cells  and  other  elongated  cells  with  generally  two  highly  refrac- 
tive vacuoles ;  on  agar  plates,  a  fringe  is  seen  to  form  eventually, 
consisting  of  filaments  sometimes  united  in  bundles  and  with  the 
cells  above  mentioned  interspersed  in  the  filaments.  In  beer  wort 
and  in  molasses  wort,  a  film  was  formed  resembling  that  obtained 
in  an  acetic  fermentation. 

These  are  the  characteristics  of  a  Monilia ;  Went  and  Prinsen- 
Geerligs^  have  already  isolated  and  described  a  Monilia  from 
Raggi  or  Java  yeast,  and  have  named  it  Monilia  javanica.  We 
obtained,  from  a  sample  of  Raggi,  this  organism  which  is  close  to 
the  one  we  have  isolated  from  Natal  The  cultural  characteristics 
on  agar  plates  were,  however,  diflferent  from  those  from  Natal, 
giving  a  much  more  crinkled  growth,  and  a  further  difference 
which  will  appear  later.  In  view  of  the  limited  literature  at  our 
disposal  we  do  not,  however,  feel  justified  in  making  a  new  species 
for  this  organism. 

Drawings  of  the  **yeast  form"  of  Monilia  javanica  from  our  cul- 
tures are  shown  in  Plate  II,  Figs.  4  and  9,  from  preparations  in 
beer  wort  agar  and  in  beer  wort,  both  thirty-six  hours  old;  the 
corresponding  forms  of  the  Natal  species  are  shown  in  Plate  1. 
Fig.  2,  and  in  Plate  II,  Fig.  2. 

A  point  of  very  considerable  interest  arose  in  the  study  of  the 
Monilia  we  obtained  from  Natal ;  it  was  observed  to  give  a  fruity 
smell  reminiscent  of  the  very  finest  Jamaica  rum.  We  accord- 
ingly grew  this  in  pure  culture  in  molasses  wort;  there  were 
formed  7,558  parts  of  ethers  as  ethyl  acetate  per  100,000  of 
alcohol;  at  the  same  time  a  pure  culture  of  yeast  gave  only  18 
parts  of  ethers  as  ethyl  acetate  per  100,000  of  alcohol.  The 
flavor  of  rum  is  by  some  connected  with  the  presence  of  butyric 
acid  bacteria,  the  butyric  acid  formed  interacting  with  the  alcohol 
to  form  ethyl  butyrate;  by  others,  fission  yeasts  are  held  respon- 
sible. We  demonstrated  that  the  ethers  formed  by  this  Monilia 
were  mainly  ethyl  acetate  and  butyrate.  We  suggest  that  to  this 
or  to  some  closely  allied  form  is  due  the  peculiar  fruity  odor  of 
high  class  rums. 

Below  are  found  brief  descriptions  of  the  yeasts  studied. 
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Demerara. 

Beer  uH>rt,  j6  hours  old;  cells  oval,  5.5  to  7.5  microns  long  by 
4  to  5  microns  wide.     Plate  I,  Fig.  5. 

Agar  beer  wort  plate  cultures^  j6  hours  old;  colonies  as  for  the 
Cuban  yeast;  cells  generally  with  only  one  vacuole,  6.5  to  7.5 
microns  long  by  4.5  to  5.5  microns  wide.     Plate  IL  Fig.  7. 

Sediment  from  beer  wort,  10  days  old.  Granular,  irregularly 
shaped  cells  from  5.5  to  7  microns  long  by  4  to  S  microns  wide. 
On  shaking,  behaved  like  the  Cuban  yeast.      Plate  TIT,  Fig.  8. 

Spornlation. — Spores  were  formed  on  gypsum  blocks  in  ^2 
hours  at  32°  C,  the  sediment  from  a  36-hour  beer  wort  fem^enta- 
tion  being  used ;  two,  three  or  four  spores  were  formed,  two  spores 
being  most  common ;  comparatively  few  of  the  cells  sporulated. 
Plate  IV,  D. 

Propagation  atid  Physiology. — As  for  Cuba. 
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JANA. 

Beer  7K\)rt,  ^6  hours  old.  Cells  round  to  oval,  6  to  7  microns 
lonj2:  l)v  5  to  5.5  microns  wide.     Plate  I,  Fig.  i. 

Agar  beer  wort  plate  eulture,  ^6  hours  old.  Colonies  as  for  the 
Cuban  yeast ;  cells  generally  with  only  one  vacuole,  oval  or 
elongated  in  shape :  from  6.5  to  8.5  microns  long  bv  2  to  4  micron? 
wide.      Plate  II,  Fig.  8. 

Sediment  from  beer  "a^rt,  10  days  old :  cells  granular,  oval  to 
elongated  in  form ;  5.5  to  7  microns  long  by  2.5  to  4.5  microns 
wide.  On  shaking,  behaved  as  the  Cuban  veast.  Plate  III, 
Fig.  7. 

Sporulation. — Spores  were  formed  on  gA'psum  blocks  in  96 
hours  at  32  C,  the  sediment  from  a  36-hour  old  culture  in  beer 
wort  being  used  :  the  cells  contained  from  two  to  three  spores,  four 
spores  not  being  observed.  Sporulation  was  infrequent.  Plate 
IV.  J. 

Propagation  and  Physiology. — As  for  Cuba. 

Mauritius. 

Beer  wort,  ?6  hours  old.  Cells  round  to  oval,  6  to  7  microns 
long  by  4.5  to  5  microns  wide.     Plate  I,  Fig.  8. 

Agar  beer  wort  plate  eultures,  ?6  hours  old.  Colonies  as  for 
the  Cuban  yeast.     IMate  II,  Fig.  10. 

Sediment  from  beer  zcort,  10  days  old.  Cells  oval,  granular, 
generally  with  one  vacuole,  5.5  to  7  microns  long  by  4  to  5 
microns  wide;  on  shaking,  the  sediment  coagulated  to  a  cheesy 
mass  and  settled  at  once  to  the  bottom  of  the  flask.  Plate  III, 
Fig.  I. 

Sporulation. — Spores  were  very  sparingly  formed  at  32'  C, 
using  the  sediment  from  a  36-hour  old  beer  wort  fermentation; 
they  formed  in  96  hours  on  gypsum  blocks  two,  three  or  four 
spores  in  cell,  three  or  four  being  most  common.     Plate  I\',  M. 

Propagation  and  Physiology. — As  for  Cuba. 

Natal  No.  i. 

Beer  wort,  ?6  hours  old.  Very  large  circular  to  oval  cells:  from 
7.5  to  10.5  microns  long  by  6..S  to  9.5  microns  wide,  frequently 
with  a  large  central  vacuole.     Plate  I,  Fig.  4. 

Agar  beer  wort  plate  eultures,  56  hours  old.  Colonies  as  for 
Cuban  veast.  Cells  oval  to  circular,  smaller  than  in  beer  wort, 
from  5.5  to  8  microns  long  by  4.5  to  6  microns  wide,  generally 
with  one  vacuole.      Plate  II.  Fig.  2. 
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Sediment  from  beer  n'ort,  lo  days  old.  Large  round  to  oval, 
granular  cells  with  usually  one  large  central  vacuole  from  5.5  to 
9.5  microns  long  and  4.5  to  9  microns  wide.  Plate  III,  Fig.  3. 
On  shaking,  behaved  as  the  Cuban  yeast. 

Sporulation. — Spores  were  freely  formed  in  48  hours  at  32°  C. 
on  gypsum  blocks,  using  the  sediment  from  a  36-hour  old  beer 
wort  fermentation ;  two,  three  or  four  spores  in  one  cell.  Plate  IV, 
N. 

Propagation  and  Physiology, — As  for  Cuba. 

Natal  No.  2. 

Beer  zvort,  j6  hours  old.  Circular  to  oval  cells,  6  to  7.5  microns 
long  by  5  to  6  microns  wide,  generally  with  two  vacuoles.  Plate 
I,  Fig.  6. 

Agar  beer  z^'ort  plate  cultures,  j6  hours  old.  Colonies  as  for 
Cuban  yeast.  Cells  oval,  very  granular,  generally  with  two 
vacuoles  from  5.5  to  7.5  microns  long  bv  3  to  4.5  microns  wide. 
Plate  II,  Fig.  i. 

Sediment  from  beer  nxyrt,  10  days  old.  Cells  oval  to  round 
from  5.5  to  9.5  microns  long  by  4.5  to  9  microns  wide.  On  shak- 
ing, behaved  as  the  Cuban  yeast.     Plate  III,  Fig.  4. 

Sporulation. — Spores  were  formed  freely  on  gypsum  blocks  in 
48  hours  at  32"^  C,  two,  three  or  four  spores  in  a  cell.  Plate  IV, 
X2. 

Propagation  and  Physiology. — As  for  Cuba. 

Peru. 

Beer  zinyrt,  jd  hours  old.  Elongated  cells,  sometimes  club- 
shaped,  from  7.5  to  12  microns  long  by  3.5  to  4.5  microns  wide. 
Plate  I,  Fig.  9. 

Agar  beer  fort  plate  culture,  56  hours  old.  Colonies  as  for 
Cuban  yeast,  but  only  up  to  i  mm.  diameter.  Cells  elongated 
and  irregular  in  shape,  being  often  constricted  in  the  middle,  and 
with  two  to  four  vacuoles.     Plate  II,  Fig.  3. 

Sediment  from  beer  zvort,  10  days  old.  Cells  extremely  granu- 
lar, regular  in  outline  from  5.5  to  7  microns  long  by  2.5  to  4.5 
microns  wide.     Plate  III,  Fig.  5. 

Sporulation. — Spores  were  not  obtained  on  gypsum  blocks  or 
on  carrot  at  any  temperature;  they  were  formed  very  readily  in 
four  days  on  wort  agar  plates  at  the  laboratory  temperature  of 
20°  C.  to  25°  C. ;  four  spores  were  formed  in  one  cell,  the  outline 
of  which  was  often  irregular.      Plate  IV,  P. 

Propagation  was  by  fission,  a  transverse  septum  being  formed 
across  a  median  line.     Plate  II,  Fig.  3. 

Physiology. — As  for  Cuba. 
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Trinidad. 

Beer  wart,  36  hoars  old.  Cells  oval  to  circular  from  5.5  to  7 
microns  long  by  5  to  6  microns  wide.     Plate  I,  Fig.  3. 

Agar  beer  wort  plate  cultures.  Colonies  as  for  Cuban  yeast. 
Cells  generally  oval,  very  granular,  from  4.5  to  7  microns  long 
by  3.5  to  4.5  microns  wide.     Plate  II,  Fig.  6. 

Sediment  from  beer  zvort,  10  days  old.  Cells  generally  oval 
with  one  large  central  vacuole,  granular;  from  5.5  to  7  microns 
long  by  4  to  5  microns  wide.  Plate  III,  Fig.  6.  On  shaking, 
behaved  as  for  Cuba. 

SporuJatiofi. — Spores  were  sparingly  formed  on  gypsum  blocks 
at  32°  C.  in  60  hours;  two,  three,  and  four  spores  in  a  cell.  Plate 
IV,  T. 

Propagation  and  Physiology. — As  for  Cuba. 

Summary. 

1.  The  average  content  of  sugars  of  twenty-five  Hawaiian  mo- 
lasses for  the  crop  of  1908  was  51.68  per  cent. 

2.  Of  these  sugars,  83  per  cent,  can  be  converted  by  fermenta- 
tion into  alcohol. 

3.  An  unfermentable  body,  which  has  the  same  reducing  power 
on  copper  solutions  as  glucose,  is  present  to  the  extent  of  6.13  per 
cent,  of  the  sugars,  or  3.17  per  cent,  of  the  molasses. 

4.  The  United  States  revenue  regulations  governing  molasses 
distilleries  is  based  on  an  estimated  yield  of  from  80  to  95  per 
cent,  of  proof  spirit  from  the  molasses.  The  yields  of  Hawaiian 
molasses  vary  from  62  to  93  per  cent.,  the  average  being  77  per 
cent.  A  modification  of  the  regulations  would  be  necessary  be- 
fore a  molasses  distilling  enterprise  could  be  profitably  installed 
in  these  islands. 

5.  Molasses  contains  a  sufficiency  of  nutrients  for  the  develop- 
ment and  action  of  yeast. 

6.  Mineral  stimulants  give  no  apparent  increase  in  the  yield. 

7.  The  molasses  contain  no  non-sugars  which  have  a  deleteri- 
ous action  on  the  fermentation. 

8.  Aeration  shortens  the  time  of  fermentation,  without  any 
increase  in  alcohol  yield. 

9.  Attenuation  is  not  as  great  in  molasses  of  Hawaii  as  in 
those  of  most  countries  where  molasses  is  fermented,  on  account 
of  the  smaller  quantities  of  sugars  therein. 

10.  Fermentation  under  pure  culture  increased  the  yield  in 
alcohol  22  per  cent,  over  that  when  working  under  the  usual  fac- 
tory conditions  with  adventitious  fermentation. 
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11.  The  lees  or  residue  from  fermentation  gives  a  fertilizer 
containing  potash,  nitrogen,  and  a  small  quantity  of  phosphoric 
acid. 

12.  Molasses  as  a  source  of  alcohol  and  fertilizer  has  a  value 
of  about  8,3  cents  per  gallon,  exclusive  of  freight  and  interest. 

13.  Of  the  yeasts  from  various  countries  where  the  molasses 
is  fermented,  most  are  budding  yeasts  of  the  type  Saccharomyces 
vordermanni;  that  from  Peru  is,  however,  a  fission  yeast. 

14.  Most  of  the  yeasts  worked  well  in  sugar  concentrations 
up  to  14.6  grams  per  100  cc,  the  fermented  wash  containing  up  to 
7.85  per  cent,  alcohol  by  volume. 

15.  A  Monilia  was  isolated  from  the  yeast  from  Natal,  which 
gives  an  aroma  resembling  that  of  the  best  Jamaica  rum. 

In  conclusion,  the  writers  desire  to  express  their  obligations  to 
Mr.  L.  Lewton-Brain  for  many  valuable  suggestions,  and  to 
Messrs.  A.  E.  Jordan  and  F.  T.  Dillingham  for  considerable  as- 
sistance in  the  analytical  work. 
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Le  Rhum. 

EXPLANATION  OF  PLATES. 


In    the   accompanying   plates,   prepared    from   camera   lucidc^ 
drawings  by  Mr.  W.  R.  Potter,  is  shown  the  appearance  of  the 
yeasts  and  other  organisms  studied. 
Plate  I,  Fig.  1 — Java  yeast,  36  hours  old  in  beer  wort. 
Plate  I,  Fig.  2 — The  monilia  from  Natal,  36  hours  old  in  beer 
wort  agar. 

Plate  I,  Fig.  3 — Trinidad  yeast,  36  hours  old  in  beer  wort. 
Plate  I,  Fig.  4 — Natal  yeast,  No.  i,  36  hours  old  in  beer  wort. 
Plate  I,  Fig.  5 — Demerara  yeast,  36  hours  old  in  beer  wort. 
Plate  I,  Fig.  6 — Natal  yeast,  No.  2,  36  hours  old  in  beer  wort. 
Plate  I,  Fig.  7 — Cuba  yeast,  36  hours  old  in  beer  wort. 
Plate  I,  Fig.  8 — Mauritius  yeast,  36  hours  old  in  beer  wort. 
Plate  I,  P'ig.  9 — Peru  yeast,  36  hours  old  in  beer  wort. 
Plate  II,  Fig.   i — Natal  yeast.  No.  2,  agar  beer  wort  plate,  36 

hours  old. 
Plate  II,  Fig.  2 — Natal  yeast.  No.   i,  agar  beer  wort  plate,  36 

hours  old. 
Plate  II,  Fig.  3 — Peru  yeast,  agar  beer  wort  plate,  36  hours  old. 
Plate  II,  Fig.  4 — Monilia  jcvt^anica,   agar   beer   wort    plate,    36 

hours  old. 
Plate  II.  Fig.  5 — Cuba  yeast,  agar  beer  wort  plate,  36  hours  old. 
Plate  II,  Fig.  6 — Trinidad  yeast,  agar  beer  wort  plate,  36  hours 

old. 
Plate  II,  Fig.  7 — Demerara  veast,  agar  beer  wort  plate,  36  hours 

old. 
Plate  II,  Fig.  8 — Java  yeast,  agar  beer  wort  plate,  36  hours  old. 
Plate  II,  Fig.  9 — Monilia  javanica,  36  hours  old  in  beer  wort. 
Plate  II,  Fig.   10 — Mauritius    yeast,    agar   beer    wort   plate,    36 

hours  old. 
Plate  II,  Fig.  11 — The  monilia  from  Natal,  36  hours  old  in  beer 

wort. 
Plate  III,  Fig.  i — Mauritius  yeast,  sediment  from  beer  wort,  10 

days  old. 
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Plate  III,  Fig.  2 — Cuba  yeast,  sediment  from  beer  wor.    10  days 

old. 
Plate  III,  Fig.  3 — Natal  yeast.  No.  i,  sediment  from  beer  wort, 

10  days  old. 
Plate  III,  Fig.  4 — Natal  yeast.  No.  2,  sediment  from  beer  wort, 

10  days  old. 
Plate  III,  Fig.  5 — Peru    yeast,    sediment    from   beer    wort,    10 

days  old. 
Plate  III,  Fig.  6 — Trinidad  yeast,  sediment  from  beer  wort,  10 

days  old. 
Plate  III,  Fig.  7 — ^Java    yeast,    sediment    from    beer    wort,    10 

days  old. 
Plate  III,  Fig.  8 — Demerara  yeast,  sediment  from  beer  wort,  10 

days  old. 
Plate  IV.     C — Sporulation  of  Cuba  yeast. 
Plate  IV.     D — Sporulation  of  Demerara  yeast. 
Plate  IV.     J — Sporulation  of  Java  yeast. 
Plate  IV.     M — Sporulation  of  Mauritius  yeast. 
Plate  IV.     N — Sporulation  of  Natal  yeast,  No.  i. 
Plate  IV.     N2 — Sporulation  of  Natal  yeast,  No.  2. 
Plate  IV.     P — Sporulation  of  Peru  yeast,  No.  2. 
Plate  IV.     T — Sporulation  of  Trinidad  yeast,  No.  2. 
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LETTER  OF  TRANSMITTAL. 


'I'o  The  Experiment  Station  Committee  of  the  Hawaiian  Sui^ai 
Planters'  Association,  Honohihi,  T.  II. 

Dear  Sirs: 

I  herewith,  siihmit  for  iml)lication  as  lUiUetin  Xo.  29  of  the 
Division  of  Agriculture  and  Chemistry,  an  article  entitled:  The 
Action  of  Soluble  FertiHzers  on  Cane  Soils. 

Yours  very  truly, 

C.  F.  EC  K ART, 
Director,  Division  of  Agriculture  &  Chemistry. 

Monolulu,  Hawaii,  May  13,  1909. 
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The  Action  of  Soluble  Fertilizers 
on  Cane  Soils* 


BY  C.  F.  ECKART. 


The  nature  of  the  experiments  under  consideration  in  ihis  ar- 
ticle were  described  at  some  length  in  circular  Xo.  6,  oi  the  Di- 
vision of  Agriculture  and  Chemistry  when  the  results  from  the 
treatment  of  plant  cane  with  various  combinations  of  fertilizer 
salts  were  presented  in  connection  with  substation  work  then  in 
progress.  In  this,  bulletin  are  presented  the  data  obtained  from 
a  crop  of  plant  cane,  planted  in  1905,  and  the  succeeding 
ratoons,  cut  during  the  present  season,  in  each  of  the  several 
localities.  These  experiments,  therefore,  practically  cover  a 
period  of  four  years,  and  permit  a  comparison  of  the  effects  of 
fertilizers  applied  to  plant  and  ratoons. 

The  object  of  these  experiments  was  to  ascertain  ih^  degr.e 
of  reliance  which  could  be  attached  to  the  analysis  of  soils,  in  de- 
termining fertilizer  requirements.  To  quote  from  Circular  No. 
6:  'These  tests  were  started  with  the  object  of  ascertaining  the 
fertilizer  requirements  of  cane  grown  on  different  soils,  and  un- 
der different  cHmatic  conditions,  and  of  reviewing  the  data,  so 
obtained,  in  connection  with  the  composition  of  the  soils  as 
shown  by  their  chemical  analyses.  It  was  considered  important, 
owing  to  the  large  number  of  fertilizer  recommendations  which 
are  continually  made  by  this  Experiment  Station,  and  which 
are  based  largely  upon  average  weather  conditions  and  analyti- 
cal results  from  soil  .samples,  to  gauge  the  reliability  of  this  .sys- 
tem in  a  rigidly  practical  manner." 

The  ordinary,  so-called  ^'agricultural  method''  of  analysis,  in 
which  the  amounts  of  the  soil  elements  soluble  in  a  solution  of 
hydrochloric  acid  of  definite  strength  ( 1 .1 15  sp.  gr. )  are  determin- 
ed, was  found  unsuitable  as  affording  an  index  of  soil  fertility. 
This  was  believed  to  be  due  to  the  fact  that  large  (juantities  of 
a  certain  soil  element,  such  as  potash,  for  instance,  might  go  into 
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INTERPRETATION  OF  RESULTS. 


Unless  results  from  field  tests  may  be  correctly  interpreted 
very  misleading  conclusions  may  be  reached,  thus  rendering  the 
e>.j>eriments  worse  than  useless.  In  common  practice  it  is  usual- 
ly considered  sufficient  to  lay  out  a  series  of  plats  in  a  field,  one 
<^f  which  is  left  untreated  as  a  check,  or  basis  for  comparison, 
while  the  others  are  treated  in  various  ways.     In  the  large  ma- 
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AVKkAGK    YIELDS   OF   SUCAR    FROM    PLANT    CANE    AND    RATOONS    AT 

SUBSTATION    A. 


FI.AT 


1 
2 

3 
4 

5 
6 

7 
8 

9 


Kcrtillnation.  Lbg.  per  Apre.     HuRftr.  Tons  per  Acre 


Nitro 
Ken 

Vk) 

6o 
6o 

90 
90 
90 
60 
90 
60 


r 


Potash 

60  • 

60  I 

90  I 

90  ; 

60  I 
90 

90  ' 

(x>  ; 


Phoa. 

Fertil- 

Acid 

ized 

60 

6.97 

90 

6.48 

60 

6.56 

60 

8.27 

60 

7.69 

90 

7-45 

90 

6.81 

90 

8.10 

none 

._  6-72__ 

Not 
Fertil. 

4.29 
4.41 
4.46 
4.53 
4.57 
4.05 

3.94 
4.43 
4.22 


Difference 
in  Yields 
Between 
Adjneent 

Fertilized 
Plats 


•49 
.08 
I. 71 
.58 
.24 
.64 

1.29 
1.38 


Difference 
in  Y'ields 
Between 
Adjacent 
Unfertil- 
ized Plais 


.12 

.05 
.07 
.04 

.1  1 

.49 
.21 


At  first  glance  it  will  appear  as  if  the  unfertilized  plats  arc 
sufficiently  uniform  to  permit  accurate  comparisons.  It  will 
be  noticed,  however,  that  there  are  two  discrepancies  which  are 
tjuite  considerable ;  adjacent  plats  5  and  6  show  a  difference  of 
.52  ton,  and  a^ljacent  plats  7  and  8  show  a  diflFerence  of  .49  ton. 
Now  since  adjaoi  nt  untreated  plats  can  in  this  area  vary  as  much 
as  .  52  ton  of  sugar  ,it  is  possible  that  equivalent  diflferences,  due 
to  uncontrollable  causes,  may  exist  beween  treated  plats  and 
the  corresponding  adjacent  untreated  plats  with  which  they  are 
compared.  For  instance,  it  is  possible  that  plat  No.  3,  in  the 
fertilized  series,  may  without  fertilizer  have  been  capable  of 
producing  4.46+. 52=4.98,  or  4.46 —  52=3.94,  tons  sugar.  In 
the  former  case,  the  gain  from  fertilization  would  actually  be 
31.7  per  cent,  and  in  the  latter  case,  66.5  per  cent.  Although 
the  indicated  gain  in  this  case  is  47  per  cent,  it  can  only  be  put 
(icwn  as  a  rough  approximation.  The  indicated  percentages 
f»f  gain  as  given  ?n  the  tabulated  data  in  the  appendix  of  this 
bulletin  must  therefore  be  only  applied  in  a  very  general  way. 
Instead  of  showing  actual  gains  they  indicate  the  general  trend 
of  results  which  may  be  expected  to  follow  the  applications  of 
certain  salts  in  varying  quantities  on  a  given  soil. 

Since  we  would  not  expect  the  treated  plats  to  vary  more  from 
soil  differences,  etc.,  than  those  which  had  been  left  untreated,  it 
is  possible  to  acquire  considerable  definite  information  concern- 
ing the  action  of  different  fertilizer  mixtures  in  the  following 


Digitized  by 


Google 


10 

manner.  In  comparing  the  differences  between  yields  on  the 
fertilized  plats  if  we  accept  only  those  for  our  purposes  which 
are  greater  than  the  maximum  difference  between  the  yields  of 
plats  on  the  unfertilized  area,  we  can  feel  practically  certain  tbar 
the  variations  observed  are  due  to  differences  in  treatment  to 
an  extent  at  lea<t  e(|ual  to  the  difference  in  yields  of  the  fertilizeil 
plats  compared,  tninus  the  maximum  difference  found  on  the  un- 
treated area.  To  make  this  clear,  we  take  as  an  example  plats 
Xos.  2  and  4,  of  Substation  A.  Referring  to  the  table  on  page 
9,  it  will  be  noted  that  plat  Xo.  2  yielded  6.48  tons  sugar,  while 
plat  Xo.  4  gave  8.27  tons.  For  reasons  already  explained  we 
cannot  consider  that  the  difference  in  yields  between  these  two 
plats,  namely,  i .  79  tons,  may  be  attributed  to  the  difference  in 
fertilization,  although  we  may  safely  infer  that  the  difference  in 
fertilization  affected  the  yield  at  least  to  the  extent  of  1.79 — .52- 
1 .27  tons,  in  favor  of  the  appiication  of  90  lbs.  nitrogen,  60  lbs. 
potash,  and  (x)  lb>.  i)hosphoric  acid,  when  this  mixture  was  com- 
pared with  60  lbs.  nitrogen,  60  lbs.  potash  and  90  lbs.  phosphoric 
acid.  The  extent  to  which  this  method  will  allow  us  to  com- 
pare Ihe  effects  of  different  fertilizers  at  Substation  .\,  for  in 
stance,  is  shown  in  the  following  table: 

bM-FRKKXCKS    IN    VIEKOS    HRTWHEN    KKRTILlZi:i)    I'l.ATS    AT    SIHSTA- 

TIOX    A. 


VI. 

Flat  T«»iis 

Hl.lr 


Wis 

AVHil-j 

^ujiar  1 


3 

4 

5 

h 

7 
8 


6.97 
(..48 

27 

45 
81 

10 

72 


•41) 


•4« 

.08 


(■,. 
8. 
7  ■ 
7  • 
6. 
8. 
6. 


.30* 

•79* 
.71* 


.72*1 .48 
1 .21*    .97* 
1. 13*  I  .89* 
.82* 
.24 


•58* 


.16 
•33 
•25 
1.46* 
.88* 


•  25 
.24 
.16 


i.i3*i 

1.62* 

1-54* 

.17  ii-ss; 

•41       -97* 
.65*'    .73* 
1.29*     .09 
....     1.38* 


The  yields  of  sugar  on  plats  i  to  9  are  given  in  the  second 
column.  In  the  following  columns  are  given  the  differences  in 
yields  between  the  different  plats.  For  example,  the  difference 
in  yields  between  plat  Xo.  4  and  plat  Xo.  7  will  be  found  by  fol- 
lowing a  line  from  plat  4,  in  the  first  column,  till  it  meets  the 
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In  this  particular  case,  the  relative  g:reat  importance  of 
nitrogen  in  fertiUzing  mixtures  is  very  forcibly  brought  out.  It 
is  furthermore  shown  that  with  nitrogen  at  90  lbs.,  separately  in- 
creasing either  the  potash  or  phosphoric  acid  to  90  lbs.,  diminish- 
es the  efficiency  of  the  mixture.  On  page  49,  where  the  apparent 
percentages  of  gain  in  yields  are  given  for  the  different  mixtures 
at  Substation  A,  it  will  be  found  that  90  lbs.  nitrogen,  60  lbs 
potash,  and  90  lbs.  phosphoric  acid,  show  an  increased  yield  over 
the  unfertilized  area  of  83.9  per  cent,  while  90  lbs.  nitrogen,  60 
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Ihs.  potash,  and  60  lbs.  phosphoric  acid,  give  a  gain  of  82.5  per 
cent.  The  results  j^iven  above,  however,  indicate  that  this  was 
due  to  an  inconsistency  of  the  nature  already  described,  and 
that  the  extra  phosphoric  acid  added  to  the  mixture  actually  had 
a  certain  de])ressinor  efFeci.  As  to  the  economv  of  applying  a 
mixture  of  90  lbs.  nitrojii^en,  Co  lbs.  potash,  and  60  lbs.  phos;)horic 
acid,  at  this  substation,  we  may  ^t^ain  satisfactorv  information  by 
t'».2:ain  consultinjj  tlie  table  on  paj^e  4(>.  The  indicated  avca.q^* 
i^ain  from  all  the  fertilizer  mixtures  will  be  found  to  be  67.1  per 
cent,  and  this  figure  must  be  very  close  to  the  actual  average 
pain.  Xow  since  the  mixture  of  90  lbs.  nitrogen,  60  lbs.  potash 
and  (o  lbs.  phosphoric  acid,  has  shown  p^reater  efficiency  than 
all  of  the  otiiers  (with  the  possible  exception  of  that  applied  to 
Plat  Xo.  8),  we  can  take  it  for  ijranted  that  the  pain  in  sugar 
following  its  use  will  be  considerably  greater  than  67  per  cent, 
and  that  it  may  approximate  the  apparent  per  centage,  82.5. 

While  the  oihcr  substations  do  not  yield  as  manv  definite  con- 
clusions, owing  to  very  wide  differences  between  the  untreated 
plats,  still,  by  the  same  method  of  reasoning  outlined,  informa- 
tion of  value  may  be  obtained. 

The  action  of  the  various  fertihzer  mixtures  will  now  be  con 
sidered  with  respect  to  the  soil  of  the  several  substations. 

SUP.STATIOX  A. 

.Vf'/V  lUcmcnts. 

rotasii.  The  total  potash  in  this  soil  is  lower  than  the  aver- 
age for  the  islands,  and  the  soluble  potash  is  considerably  higher. 
\\  liile  in  the  average  Hawaiian  soil  7  per  cent  of  the  potash  is 
S('hd)le  in  an  one  per  cent  solution  of  aspartic  acid,  in  the  soil 
of  Substation  A  13.3  per  cent  is  soluble. 

IMiosphoric  Acid.  The  total  phosphoric  acid  is  lower  than 
the  average,  and  the  soluble  phosphoric  acid  is  higher.  Of  the 
total  ph()s])h(>ric  acid,  1 .  i  per  cent  is  soluble  in  the  aspartic  acid 
solution,  as  compared  with  0.55  per  cent  in  the  average  soil. 

Nitrogen.  1  he  soil  of  this  substation  contained  one-half  as 
much  nitrogen  as  the  average  island  soil. 

Lime.  The  toial  lime  is  somewhat  higher  than  the  average, 
and  the  asi)artic  acid  soluble  lime  is  somewhat  lower.  While 
I  lie  percentage  of  total  lime  in  the  average  soil  which  is  soluble 
in  aspartic  acid  is  24.4,  in  the  soil  under  consideration  it  is  I5.(> 
])er  cent. 

Reaction  of  Soil.     The  reaction  of  this  soil  is  neutral. 
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which  the  nitrogen  was  increased  to  90  lbs.,  were : 


(Plat  4). 

(Plat  6). 

(Plat  5)- 

(Plat  8). 


Nitrogen.  Lbs. 


Potash.  Lb8. 


90 
90 
90 
90 


60 
60 
90 
90 


Plii)«.  Acid.  Llis. 

60 
90 
60 
90 


A  comparison  of  the  average  yields  from  plats  Nos.  i.  2,  3  and 
7  with  those  from  plats  Xos.  4,  5,  6  and  8  will  indicate  the  general 
effect  of  increasing  the  nitrogen  in  these  mixtures.  By  mak- 
ing comparisons  with  the  potash  and  phosphoric  acid  in  the  same 
way,  we  can  gain  some  knowledge  as  to  the  relative  importance 
of  the  separate  elements  when  applied  in  mixtures  to  the  soil  in 
question.      The  following  table  allows  a  comparison  of  this  kind. 
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AVERACiE    YIELDS    OF    PLATS    RECEIVING    COMPLETE    MIXTl'RES. 
TONS   OF    AVAILABLE   Sl'GAR    PER    ACRE. 


Mixtiirt*!*  CotitMiiiiii}: 

Nitrogen,  do  lbs. . .  . 

Potash,  rx)  lbs 

Phos.  Acid,  60  lbs.  .  . 

Xitroj^en,  90  lbs.  ... 

Potash,  90  lbs 

Phos.  Ackl,  90  lbs.  . 

I  'ntreated    Cane.  . .  . 


I 


Plant  Cmih- 

6.77 
7-32 

7.68 

7'3 
7.18 


Ratitons 

6.63 
7.27 

J-47_ 

8.08 

7-45 

7-25 


Avcmge  r»f 

Plant  and 

Ratoon^i 


6.70 
7.29 

7.88 
7.29 
7.21 


4.87 


3.78 


4.32 


It  will  be  noted  that  the  average  yield  from  the  mixtures  con" 
taininjy  60  lbs.  nitrop^en  was  lower  than  those  from  the  mixtures 
containing^  60  lbs.  jK)tash.  or  the  same  amount  of  phosphoric  acid. 
The  60  lbs.  phosphoric  acid  mixtures  j^^ave  the  hi^liest  yield. 
When  i)0  lbs.  of  nitro«(en  were  applied,  the  yield  exceeded  those 
from  the  00  lbs.  potash  and  90  lbs.  phosphoric  acid  mixtures. 
The  i)0  lbs.  phosphoric  acid  mixture  in  this  case  p^ives  the  lowest 
yield.  In  other  words,  the  order  of  yields  becomes  directly  re- 
versed, and  this  occurs  on  all  of  the  substations  under  consider- 
ation. 

The  effect  of  increasing  the  nitrogen  from  60  to  90  lbs.  is 
very  marked,  both  with  i)lant  and  ratoon  cane.  Increases  of 
potash  and  phosphoric  acid  show  a  depressinjs:  action  with  res- 
pect to  the  plant  cane,  and  this  is  more  distinct  with  potash  than 
with  phosphoric  acid.  In  the  case  of  ratoons  the  increase  in 
potash  apparently  caused  a  small  gain,  while  the  phosphoric  acid 
showed  the  same  depressive  action  as  with  plant  cane. 

The  average  results  from  plant  cane  and  ratoons  would  indi- 
cate the  following  apparent  order  of  importance  of  the  several 
elements : 

1.  nitrogen 

2.  potash 

3.  phosphoric  acid. 

The  most  suitable  mixture  was  found  to  be  that  containing  c)o 
lbs.  nitrogen,  (k)  lbs.  potash,  and  Tx)  lbs.  phosphoric  acid. 
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Reaction.     The  reaction  of  this  substation  soil  is  acid. 

Effect  of  Different  Fertilizer  Mixtures, 

The  unlimed  acid  soil  of  Substation  B  did  not  respond  to  fer- 
tilization with  these  soluble  salts  in  the  case  of  plant  cane,  except 
apparently  in  a  few  instances.  Furthermore,  the  wide  discre- 
pancies which  existed  in  the  yields  between  different  untreated 
plats  do  not. allow  definite  conclusions  to  be  reached  with  respect 
to  the  more  efficient  formulas  in  the  case  of  plant  cane.  \\'ith 
respect  to  plant  and  ratoons  there  is  no  distinct  evidence  that 
any  of  the  mixtures  applied  was  more  economically  effective 
than  that  containing  60  lbs.  nitrogen,  60  lbs.  potash,  and  60  lbs. 
phosphoric  acid.  Following  the  line  of  reasoning  outlined  on 
page  10,  it  may  be  stated  with  some  assurance  that  tiie  for- 
mulas given  in  column  i  below  were  less  efficient  for  the  ratoons 
than  those  given  respectively  opposite  to  them  in  column  2. 

♦Tables  iihowing  the  apparent  pereentaKes  of  KHin  foIlowiuK  tin-  applicalioii  of 
the  different  mixtures  will  be  found  in  the  ap])endix.  1  he  pereentn^jes  tliero  &iven, 
however,  cannot  form  a  definite  basis  f«)r  eoniparlson,  and  ninsl  be  eonsijlered  »»nly  in 
a  very  general  way,  for  reasons  already  explained. 
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Mixtures  Containing  |  Plant  Cam*  Ratoons      I  plant  an«l 

I  '  I  Katoons 

Nitrogen,  60  lbs ,  6.28  p  4.12  |  5.20 

Potash,  60  lbs 6.38  I  4.51  I  5.44 

Phos.  Acid,  60  lbs ^  6.53  [  4.41  |  5.47 

Nitrogen,  90  lbs 6.72  I  4.62  f  5.67 

f^otash,  90  lbs '  6.62  4.23  I  5.42 

Phos.  Acid,  90  lbs 6.47  '  4.33  5.40 

Untreated  Cane 6.58  j  3.40  |  4.97 

The  figures  representing  the  average  yields  of  plant  and  ratoon 
cane  indicate  that  increases  in  potash  and  phosphoric  acid  from 
(k)  to  90  lbs.  have  an  apparent  depressive  tendency.  The  effi- 
ciency of  the  mixtures  in  general  was  seemingly  increased  by 
extra  amounts  of  nitrogen,  and  the  apparent  relative  importance 
of  the  several  elements  in  the  fertilization  of  the  cane  at  Sub- 
station B  would  appear  to  be  as  follows: 
I.     nitrogen 

2.  potash 

3.  phosphoric  acid. 
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CK)  90  90  90  90  00 

go  90  90  90  90  60 

60  60  . .  90  90  60 

60  90  90  90  to  90 

60  60  . .  90  60  90 


*  The«e  two  substatiuus  were  immediately  luljaeent,  C  being  Irrigaied  and  1>  nn- 
irrigated. 
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I.     nitrogen 

2.  phosphoric  acid 

3.  potash. 

It  is  indicated  that  the  most  suitable  mixture  in  the  Substation 
C  series  of  tests  was  that  containing  90  lbs.  nitro^i^en,  60  lbs. 
potash,  and  60  lbs.  phosphoric  acid. 

The  average  approximate  gain  in  available  sugar  from  ferti- 
lizing the  plant  cane  was  44.6  per  cent;  the  gain  with  ratoons 
was  approximately  61.1  per  cent.  The  general  average  gain 
from  plant  and  ratoons  was  50.7  per  cent. 

Substation  I),  Unirrigated.  The  soil  of  this  substation  was 
identical  to  that  of  Substation  C,  and  the  treatment  given  the 
plats  was  the  same. 
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AVERAGE  YIELDS  Ol'   PLATS   RFXEIVINC,   COMPLETE    MIXTIRKS. 
TONS   OF   A\'A1LAHLE    SUC.AR    PER    ACRE. 


j  I 

Mixtures  ('(Mitainiii};              '  Plant  Cane  I  Ratoons 

i  I 

Xitrogen,  60  lbs |  5.52  |  2.73 

Potash,  60  lbs I  5.88  I  3.12 

I'hos.  Acid,  60  lbs |  $.6q  \  2.91 

Xitrogen,  90  lbs '  6. 18  1  3.45 

Potash,    90   lbs I  5.85  I  3.08 

Phos.  Acid,  90  lbs ,  ().04  j  3.26 

L'ntreated  Cane 1  4.03  '  2.35 


Average  of 

Plant  an<i 

Ratoons 


4.T2 
4.50 
4.30 

4.81 
4.46 
4.65 

3.78 


Digitized  by 


Google 


PERCENT. 


Plant  Cane 


Substation    A j  46.8 

B i  1.4 

C '  44-^' 

D I  450 


Ratoons  Average  Gain 


93-3 
26.2 
61. 1 
29.7 


67.1 

5-2 

50.7 

39-9 
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mancled  a  larger  supply  of  these  nutrients  than  the  plant  cane  per 
unit  of  growth.  Again,  tnrough  the  thorough  preparation  oi 
the  soil  lor  planting,  larger  quantities  of  the  essential  cane  nu" 
trients  are  rendered  available  tor  the  plant  cane  than  are  afforded 
through  the  ordinary  tillage  operations  for  ratoons.  Ihat  a 
difference  in  root  development  between  plant  cane  and  ratoons, 
owing  to  a  difference  in  the  compactness  of  the  soil  makes  the 
second  crop  more  appreciative  of  fertilizer  applications  than  the 
first,  is  within  certain  limits,  also  probable.  The  relative  com- 
pactness  of  the  soil  will  influence  the  degree  of  root  ramification 
and  consequently  limit  to  some  extent  the  supplies  of  plant  food 
V.  ith  which  the  root  hairs  come  in  contact.  Unless  the  compacting 
of  the  soil  has  progressed  to  a  point  in  which  diminished  aeration 
and  drainage,  etc.,  become  predominant  restraining  factors,  and 
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the  relative  inability  of  the  plant  to  feed  becomes  a  more  import- 
ant consideration  than  the  quantity  of  plant  food  available,  ni 
creasinjr  the  supplies  of  the  latter  might,  from  this  cause,  pro- 
duce a  more  salutary  eflFect  with  ratoons  than  with  plant  cane. 

Difference  in  Gains  due  to  Difference  in  Mixtures. 

One  t)f  the  most  striking  points  observed  in  connection  with 
the  fertilizer  experiments  under  consideration  in  this  bulletin,  is 
die  large  diflFerence  in  yields  often  produced  by  variations  in  the 
mixtures  of  fertilizer  salts  appHed. 

While,  as  was  previously  stated,  certain  differences  in  the  plats 
ihemselves  have  no  doubt  influenced  the  yields  of  cane  in  these 
tests,  as  in  the  case  of  all  field  experiments,  the  fact  remains  that 
a  careful  review  of  the  data  at  hand  furnishes  evidence  that  the 
relative  proportions  of  the  several  salts  employed  in  ihe  diflFer- 
ent  mixtures  often  have  a  marked  effect  on  the  yields  ot  product. 
Inirthermore,  it  is  indicated  that  this  effect  cannot  be  entirely 
attributed  to  the  relative  direct  demands  of  the  cane  for  the  spe- 
cial ingredients  in  the  several  mixtures  at  the  respective  sub- 
stations. 

It  has  long  been  recognized  that  certain  saks.  like  sulphate  of 
ammonia,  can  create  acidity  in  soils,  and  that  nitrate  of  soda  aii<l 
sulphate  of  potash  can  deflocculate  clays,  and  so  on,  thus  pro- 
ducing infjury  to  growing  crops;  and  likewise,  that  innumerable 
chemical  reactions  may  follow  the  application  of  manures  render- 
ing various  elements  available,  but  it  is  quite  probable  that  these 
physical  and  chemical  changes  are  not,  per  se,  the  direct  causes 
of  the  variations  in  yields  under  consideration. 

In  Bulletin  15,  of  this  Station,  the  writer  showed  that  by  the 
associated  application  of  fertilizer  elements,  such  as  mtrogen. 
potash,  and  phosphoric  acid,  in  various  combinations,  the  gains 
from  a  combination  were  in  some  cases  materially  different  from 
the  aggregate  gains  following  the  separate  applications  of  the 
component  salts.  For  instance,  in  a  test  covering  six  years  wilh 
Rose  Bamboo  cane,  the  following  elements,  applied  alone  at  the 
rate  of  100  lbs.  per  acre,  gave  an  average  gain  per  crop  as  fol- 
lows : 

Nitrogen 3>S76  lbs.  Sugar 

Potash 2,492  lbs.  Sugar 

Phosphoric  acid i>792  lbs.  Sugar 

The  aggregate  gain  in  this  instance  was  7,860  lbs.  sugar. 
When,  however,  the  same  quantities  of  the  same  elements  were 
applied  in  a  mixture,  the  resulting  gain  was  5,116  lbs.,  or  2,744 
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YIELIiS  OF  SUGAR   PER   ACRE.      LUS. 

Treatment  R(>se  Uamboo  Lahaina 

No   FertiHzer 17,993  17,525 

Phosphoric  Acid 15*^67  I5>392 

Potash    I7»JS8  14.357 

Phosphoric   Acid-f- Potash. . .  21,128  20,555 

PERCENTAGE    OF    GAIN    OR    LOSS    FROM     I  ERTILIZATIOX. 

Element  Applied  Rose  Bamboo  Lahaina 

Phosphoric   Acid — 15.2  — 12.2 

Potash    —  4.6  — 18. 1 

Phosphoric  Acid  and  Potash         + 1 7  •  4  +  H  •  7 
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compared  with  a  fair  to  good  increase  obtained  when  it  is  com- 
bined with  potash  and  phosphate,  *  *  *  *  we  should  expect  to 
obtain  fair  to  good  results  from  potash  or  phosphate  when  used 
alone  on  the  same  soils.  But  what  do  we  find?  Usually  little 
or  no  effect  from  potash,  and  a  negative  effect  from  the  phos- 
phate." 

Cause  of  Relationship  Betzveen  Plant  Cnnvth  and  Proportions  of 
Fertiliser  Salts  in  Mixtures. 

In  the  opinion  of  the  writer,  the  cause  for  the  apparent  rela* 
tionship  which  exists  between  the  yields  of  cane  and  the  relative 
proportions  of  component  salts  in  fertilizer  mixtures  may  prob- 
ably be  explained  in  the  following  manner. 
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have  been  formed  in  the  autumn.  Consequently,  small  dressings 
of  nitrate  in  such  cases  have  beneficial  effects  and  the  cane  rapid- 
ly assumes  a  normal  green  color.  The  amount  of  available  ni- 
trogen in  any  given  soil  is  therefore  more  variable  than  is  the 
case  with  the  other  plant  nutrients,  since  it  is  more  readily  in- 
fluenced by  a  number  of  inter-dependent  factors.  It  is  there- 
fore evident  that  any  treatment  given  a  soil,  which  influences  the 
activity  of  the  micro-organisms  responsible  for  the  formation  of 
nitrates,  will  in  one  way  or  another  influence  the  crop  growth. 
This  leads  us  to  a  consideration  of  the  bacterial  flora  of  soils  and 
the  effects  which  certain  agents  have  upon  the  activities  of  these 
organisms. 

The  fact  that  carbon  bisulphide,  when  applied  to  a  soil,  result- 
ed in  a  materially  increased  growth  of  plants,  was  definitely  es- 
tablished   by  Oberlin  and  Girard  in  1894.       The  action  of  this 
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occurs  not  only  an  enormous  increase  in  the  total  number  ot 
soil  bacteria,  but  also  an  abnormal  predominance  of  certain 
species.  The  new  conditions  thus  established  for  a  time  favor 
a  more  ready  utilization  of  the  stores  of  soil  nitrogen  and  likewise 
the  fixation  of  atmospheric  nitrogen  by  certain  bacterial  species. 
It  is  for  this  reason  that  the  application  of  carbon  bisulphide  is 
followed  after  a  time  by  a  very  decided  increase  in  crop  yields  as 
compared  with  the  corresponding  yields  from  soils  not  treated. 
Increased  harvests  under  such  conditions  have  been  observed  by 
Obcrhn,  Kruger  and  Heinze,  Koch,  Moritz  and  Scherpe,  Caron, 
liehrcns,  Girard  and  others." 

When  it  is  considered  that  countless  millions  of  bacteria  are 
at  work  in  every  soil,  breaking  down  the  organic  matter  and 
converting  the  nitrogen  through  separate  proces^-es  into  a  form 
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available  for  plants,  and,  furthermore,  tliat  these  separate  and 
supplementary  processes  are  carried  on  by  distinct  species  of 
organisms,  which  require  different  conditions  for  their  maximum 
development  and  activity,  the  question  of  this  bacterial  equili- 
brium in  a  given  soil  is  apparently  a  matter  of  importance.  If 
one  kind  of  bacterium  is  in  the  ascendency,  and  is  of  such  a 
character  that  it  does  not  produce  ammonification  or  nitrification 
or  fix  free  atmospheric  nitrogen  or  carry  on  other  functions  ol' 
benefit  to  the  plant,  it  may  crowd  out  or  materially  reduce  in 
numbers  the  beneficial  micro-organisms  which  are  struggling 
for  existence.  Again,  since  the  action  of  the  several  species 
which  are  concerned  in  the  ulthtiate  formation  of  nitrates  is 
largely  supplementary,  one  kind  attacking  the  organic  matter  to 
form  ammonium  compounds,  another  oxidizing  the  ammonia  to 
nitrites,  and  another  oxidizing  the  nitrites  to  nitrates,  it  is  pos- 
sible to  conceive  of  a  definite  optimum  balance  between  these 
micro-organisms  which  will  be  co-ordinate  with  maximum  effi- 
ciency in  the  production  of  nitrates.  If  any  unfavorable  con- 
dition arises  in  the  soil  which  unduly  checks  the  development  or 
functions  of  one  kind  of  organism,  the  ultimate  product  of  then 
joint  activities  will  be  correspondingly  diminished. 

We  have  seen  that  carbon  bisulphide  can  materially  modify 
the  numerical  or  potential  ratio  of  the  various  soil  organisms, 
and  other  disinfectants  or  anaesthetics  as  well  a>  heat  have 
])een  found  to  produce  similar  changes.  In  view  of  the  fact  that 
these  different  organisms  require  different  amounts  of  air  and 
moisture,  and  different  amounts  and  kinds  of  nutrients  for  their 
maximum  development,  and  Hkewise  that  they  are  affected  in 
varying  degrees  by  the  changing  conditions  of  their  environment, 
it  is  fair  to  assume  that  the  bacterial  equilibrium  is  constantly 
oscillating  within  certain  limits.  It  is  also  apparent  that  while 
strong  disinfectants  may  produce  a  marked  change  in  the  gen- 
eral bacterial  flora  of  a  soil,  another  substance  of  a  more  inno- 
cent nature  may  materially  affect  directly  or  indirectly  one  or 
more  of  the  special  organisms  concerned  in  the  chain  of  pro- 
cesses involved  in  nitrification.  Lipman  and  Brown  (New 
Jersey  Station  Report,  1907,  pp.  170-186)  in  a  series  of  investiga- 
tions bearing  on  a  particular  ?oil  found:  *The  treatment  with 
acid  phosphate  led  to  a  comparatively  large  increase  in  ammo- 
nification;  a  comparatively  small  increase  in  nitrification;  a 
decrease  in  denitrification ;  and  a  decrease  in  nitrogen  fixation.'' 
Again :  **Muriate  of  potash  led  to  a  decrease  in  ammonification ; 
increase  in  nitrification ;  slight  decrease  in  denitrification ;  slight 
decrease  in  nitrogen  fixation." 
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I'Vom  these  te^ts  of  Lipman  and  lirown,  it  is  seen  that  certain 
fertilizer  salts  can,  when  applied  to  the  soil,  aflFect  the  micro- 
organisms which  have  to  do  with  the  ultimate  production  of  ni- 
trates and  also  with  the  hacteria  which  can  produce  denitrifica- 
tion.  Furthermore,  the  same  salt  affects  the  different  nitrog:en 
bacteria,  not  merely  to  a  different  extent,  but  in  one  case  the 
action  may  be  favorable  and  in  the  case  of  another  bacterial  type 
it  may  be  unfavorable;  it  is  likewi-e  shown  that  different  salts 
act  differently  in  this  respect.  Xow^  it  is  reasonable  to  suppose 
that  the  extent  lo  which  these  organisms  will  be  affected  will 
bear  a  relationship  to  the  (juantity  of  a  particular  salt  added  to  a 
j^iven  soil,  and  it  is  also  reasonable  to  suppose  that  through  the 
iipplication  of  several  salts  together,  a  considerable  readjustment 
of  the  bacterial  forces  in  the  soil  will  result. 

This  brings  us  to  the  theory  which  I  feel  jusiitied  in  advancing 
to  explain  the  action  of  varying  mixture.^  of  fertilizer  salts  on 
crop  yields  as  shown  by  the  field  experiments  conducted  by  this 
ivxperiment  Station  with  sugar  cane.  The  theory  may  be 
briefly  summed  up  as  follows : 

The  relative  effects  of  different  combinations  of  fertilizer  salt.s 
on  the  growth  of  cane,  when  these  salts  are  added  to  the  soil,  will 
be  determined  chiefly  by 

1.  The  extent  to  which  their  several  inj^^redients  directly  oi 
indirectly  lessen  the  deficiencies  of  available  plant  nutrients. 

2.  \  he  extent  to  which  they  cause  the  bacterial  Hora  to  ap- 
proach an  optimum  balance  for  the  regular  production  of  sutti- 
cient  nitrates. 

3.  1  he  degree  and  manner  in  which  they  produce  physical 
alterations  in  the  soil. 

(  onfonnity  Hct7Krcn  Soil  Analyses  and  Fertilizer  Requirements. 

When  planning  the  series  of  fertilizer  experiments  described 
in  this  bulletin,  the  idea  was  to  have  tests  made  on  th 'cj  neutral 
soils  and  three  acid  soils.  Through  force  of  circumstances, 
however,  only  one  neutral  soil  was  investigated,  with  respect  to 
its  manurial  re(iuirements  when  soluble  salts  are  used,  and  two 
acid  soils. 

Jn  the  case  of  Substations  B,  C  and  D,  where  the  soils  are  dis- 
tinctly sour,  the  applications  of  ammonium  sulphate  and  acid 
phosphate  would  not,  in  ordinary  practice,  be  made  without 
[)revious  dressings  of  lime  preparatory  to  planting,  i.  e.,  the 
firsi  addition  of  fertilizing  salts  would  follow  some  months  after 
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liming.  Tn  view  of  the  fact  that  these  soils  were  not  limed,  it  is 
interesting"  to  note  that  while  the  plant  cane  at  Substation  R  in 
the  majority  of  cases  apparently  suffered  from  fertilization  with 
these  soluble  salts,  the  plant  cane  at  Substation  C  and  D  on  the 
other  hand,  showed  a  material  gain ;  in  the  ca=e  of  the  ratoon 
cane,  however,  the  average  per  cent  of  gain  from  fertilization  at 
Substation  R  was  almost  as  large  as  that  at  Substation  D.  where 
a  certain  depressin;^^  action,  doubtless  due  to  the  salts,  be<an  to 
be  manifested. 

In  comparing  the  analyse?,  by  the  aspartic  acid  method,  of 
these  several  soils,  with  the  data  obtained  from  their  treatment 
with  various  combinations  of  sulphate  of  ammonia,  sulphate  of 
potash  and  acid  phosphaie.  a  certain  conformity  is  observed  with 
regard  to  the  apparent  order  of  importance  of  the  several  ele- 
ments in  fertilization,  notwithstanding  the  mnnv  d'sturb-ng  fac" 
tors  which  enter  into  the  results. 

At  Substation  A,  for  instance,  potash  and  phosphoric  acid, 
while  below  the  average  for  the  inlands,  according  to  the  agri- 
cultural method  of  analysis,  were  shown  bv  the  aspartic  acid 
method  to  be  relatively  quite  soluble,  and  in  i?xt,  the  so-called 
'available"  amounts  of  these  elements  were  greater  than  the 
average.  Furthermore,  the  ratio  between  the  average  percent- 
age of  these  elements  soluble  in  an  one  per  cent  solution  of  aspar- 
tic acid,  in  Hawaiian  soils,  and  the  amounts  found  bv  the  same 
method  in  the  soil  of  Substation  A  was  slightly  less  with  respect 
to  potash  than  with  phosphoric  acid.  The  general  trend  of  the 
data  derived  from  the  Substation  A  tests  shows  that  while  both 
of  these  elements  were  of  small  relative  importance  in  fertiliza- 
tion, applications  of  potash  were  apparently  more  appreciate  1 
than  those  of  phosphoric  acid :  increasing  the  potash  in  mixtures 
from  60  to  90  lbs.  effected  no  general  gain,  and  similar  increases 
of  phosphoric  acid  indicated  a  depressive  tendency. 

The  nitrogen  content  of  the  Substation  A  soil  was  found  by 
the  agricultural  method  to  be  extremely  low,  in  fact,  the  ])crcent- 
age  of  this  element  was  one-half  that  of  the  average  island  yoil ; 
applied  in  fertilizer  mixture?,  nitrogen  showed  a  marked  bene- 
ricial  effect  on  the  yields. 

The  following  table,  showing  the  percentages  of  the  elements 
as  determined  by  the  agricultural  and  aspartic  acid  methods  will 
give  an  idea  concerning  the  chemical  composition  of  the  sub- 
station soils  with  respect  to  the  several  elements  under  consider- 
ation, as  compared  with  the  average  island  soil.  The  detailed 
analyses  of  the  different  soils  will  be  found  in  the  appendix. 
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ANALYSIS  OF   SOILS. 

I 

AKriciiUunil  Aiial>>i>  Aspariic  Acid  Aualysi-* 


Ltiue     Potash    ^    :>;|tn.-      ,,^,^       ,,.,„^,    ^   Ph^. 


Substation    A (16  .27  .19  .  12  .  103  .036  .002 

Substation    B 39  .29  .51  .70  .176  .013  .001 

Substation  C  &  D..      .33  .40  .84  .39  .078  .011  .0003 

Average  for  Islands  |    .58  .36  .26  .24  .143  .026  .0014 

At  Substation  R  the  same  apparent  order  of  importance  of  the 
elements  in  fertilization  was  indicated  by  the  field  tests  as  was 
found  for  Substation  A.  Potash  and  phosphoric  acid  were  both 
below  the  average  for  the  islands,  and  the  apparent  relative  short- 
age of  potash  was  greater  than. that  of  phosphoric  acid.  The 
general  tendency  of  increases  in  potash  and  phosphoric  acid 
from  fio  to  ()0  lbs.  in  mixtures  was  to  decrease  the  yields,  and 
surplus  (juantities  of  the  latter  element  were  apparently  more  in- 
jurious than  extra  quantities  of  the  former.  In  referring  to 
potash  and  phosphoric  acid  as  having  a  certain  depressive  ac- 
tion in  these  several  instances  the  writer  does  not  mean  to  con- 
vey the  idea  that  these  chemical  substances  acted  injuriously,  per 
se,  but  rather  that  they,  or  the  salts  in  which  they  were  contain- 
ed exerted  the  depressive  action.  In  the  case  of  the  acid  soil  of 
Substation  F>  it  cannot  be  definitelv  stated  that  the  cane  showed 
a  greater  demand  for  potash  than  for  phosphoric  acid  merely  be- 
cause the  salt  containing  the  latter  element  exerted  less  injury 
than  the  ?alt  containing  the  fonner,  but  it  is  probable  that  the 
difference  in  the  degree  of  harm  done  by  increasing  the  res- 
pective salts  was  influenced  in  a  measure  by  the  relative  require- 
ments of  the  cane  for  the  se])arate  ingredients.  The  nitrogen  in 
the  soil  of  Substation  B  was  jfound  to  be  extremely  high,  but  evi- 
dently from  the  manner  in  which  the  cane  showed  a  general 
resDonse  to  nitrogen  applications,  this  element  w?s  of  low  avail- 
ability, due  to  the  acid  nature  of  the  soil.  This  affords  evidence 
that  in  the  case  of  a  sour  soil  a  very  high  nitrogen  figure  would 
not  justify  the  belief  that  nitrogen  may  be  omitted  from  fertilizers 
or  used  in  only  very  small  ((uantitie-.  Lime  dressings  on  this 
soil  would  be  expected  to  favorablv  influence  the  availability  of 
the  natural  stores  of  nitrogen  through  partiallv  counteracting:  its 
acidity,  and  likewise  by  partially  overcoming  certain  evil  effects 
due  to  the  use  of  soluble  fertilizer  salts. 
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CONCLUSIONS. 

The  main  conclusions  reached  by  the  writer,  following  a  re- 
view of  the  data  obtained  from  these  and  other  fertilizer  tests 
conducted  under  the  direction  of  this  Experiment  Station  during 
the  past  twelve  years  may  be  summed  up  as  follows : 

I.  The  profit  resulting  from  the  application  of  fertilizers  or 
manures  will  depend  largely  upon  other  factors  than  the  che- 
mical composition  of  the  soil.  Providing  certain  plant  food  de- 
ficiencies represent  the  chief  depressive  influence  on  crop  yields, 
the  response  to  appropriate  fertilization  will  be  commensurate 
with  the  difference  between  the  limitations  exerted  upon  crop 
production  through  lack  of  available  plant  nutrients  and  the  limi- 
tations exercised  by  the  next  restraining  factor  in  order  or  im- 
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8.  It  would  appear  that  analysis  of  soils,  with  more  special 
reference  to  their  phy.^ical  qualities,  reaction  and  content  of  or- 
ganic matter,  nitrogen,  and  more  readily  soluble  lime,  may,  with 
due  consideration  of  the  water  supply  and  climatic  conditions,  be 
relied  upon  to  indicate  such  manurial  treatment  as  will  result  in 
a  profit,  although  they  will  not  afford  definite  information  as  co 
the  weights  and  proportions  of  ingredients  in  fertilizer  mixtures 
which  will  result  in  maximum  efficiency. 

9.  Nitrogen  is  the  most  important  element  to  be  considered 
in  the  fertilization  of  the  sugar  cane  in  the  Hawaiian  Islands,  and 
when  applied  in  mixed  fertilizers  some  risk  of  reduced  efficiency 
is  entailed  if  either  the  potash  or  phosphoric  acid  (in  the  form  of 
soluble  salts)  is  made  to  exceed  the  weight  of  this  element. 

10.  Unless  through  past  local  experience  or  carefully  con- 
ducted field  tests  it  has  been  definitely  determined  that  a  modified 
formula  may  be  expected  to  give  greater  vields,  it  is  safer,  when 
applying  nitrogen,  potash  and  phosphoric  acid  in  the  form  of 
soluble  salts,  to  have  the  mixed  fertilizer  contain  even  quan- 
tities of  these  elements,  which  are  not  to  exceed  60  lbs.  per  acre 
in  the  case  of  each  element. 

11.  Field  tests  with  fertilizers  whose  ingredients  are  mixed 
in  varying  proportions  will,  if  such  experiments  are  accurately 
and  scientifically  conducted  through  a  sufficient  period,  give 
the  most  reliable  information  as  to  the  best  manurial  practice. 
Such  experiments  should  be  laid  out  in  very  long,  narrow, 
parallel  and  contiguous  plats  or  strips,  with  the  untreated  check 
areas  lying  immediately  adjacent  to  the  fertilized  cane,  as  des- 
cribed in  the  appendix  of  Circular  No.  6,  of  this  Division. 

12.  The  great  importance  of  "resting"  fields  in  rotation  on 
Hawaiian  plantations,  and  growing  upon  them  leguminous  crops 
is  very  clearly  indicated.  This  applies  more  particularly  to  the 
irrigated  plantations,  where  the  supplies  of  organic  matter  are 
in  the  majority  of  cases  becoming  greatly  reduced  through  suc- 
cessive tillage  operations  in  a  comparatively  arid  climate,  and 
by  the  favorable  conditions  created  for  bacterial  activity  through 
regular  irrigations  under  uniformly  high  temperatures. 
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APPENDIX. 

In  the  following  pages  are  given  the  data  which  formed  the 
basis  for  the  calculated  results  presented  in  this  bulletin .  In  addition 
thereto  are  rainfall  and  temperature  records,  and  notes  concerning 
the  treatment  of  the  various  substations  where  this  was  recorded. 


SUBSTATION   A. 

DIAGK.XM    OF    EXPERIMENT    PLATS. 


A   ^ 


B 


D 


-TO'--* 

Q  O  O     -       O  0= 


1 

s 

a 

4. 

^ 

® 

7 

ft 

« 

s 

^ 

© 

9 

11 

s 

'3 

'J 

.n 

o  o         -€>  0—0 — -  -^Q^^^^-a  — -Q   -  -^^  -©-  --^^  - 


'i^ 

- 

S 

C^ 

L 

a 

^ 

1 
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w^uipiiunc   annyunuc ly 

Phosphoric  anhydride 19 

Chlorine    015 


Total 100.235 

Nitrogen    12 

Soluble  silica 22 .  35 

Humus   3-75 

Nitrogen  in  humus 3.76 

Absorptive  power 39  •  00 

Moisture  in  air  dry  soil 10.72 

Reaction    .' neutral 
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PLANT  CANE  TESTS  AT  SUBSTATION  A. 

Preparation   of  Laud  for  Planting. 

The  previous  crop  on  this  land  was  harvested  in  December, 

1904,  the  field  remaining  fallow  and  uncleared  until  April,  1905, 
when  the  trash  was  burned  off.  It  was  then  steam  plowed  to  a 
dtpth  of  20  inches,  and  replowed  in  June,  1905. 

Planting. 

Furrows  were  opened  up  with  a  mould  board  plow,  and  plant- 
ed with  I^haina  cane  on  August  24,  1905. 

Treatment  of  Plats. 

The  first  four  irrigations  consisted  of  1.6  inches  (350  gallons 
per  furrow)  of  water  on  the  day  of  planting,  and  the  same  (|uan- 
tity  at  succeeding  intervals  on  two  (five  and  six  days).  After  the 
first  four  irrigations  the  same  volume  was  applied  weekly  until 
the  end  of  the  fourth  month,  when  the  quantity  was  increased  to 
2.4  inches  (525  gallons  per  furrow);  this  latter  volume  was  ap- 
plied until  one  month  before  irrigation  was  discontinued,  when 
it  was  increased  to  3.2  inches  (700  gallons  per  furrow.)  The 
-same  measured  quantity  of  water  was  applied  to  all  of  the  plats. 

The  experiment  area  was  weeded  in  September  and  December, 

1905,  and  fertilizer  was  applied  on  Octol)er  26,  1905,  and  April 
6,  1906. 

Weather  Conditions. 

The  temperature  and  rainfall  at  Substation  A  during  the  pro- 
gress of  the  plant  cane  experiments  are  shown  in  the  following 
table.  The  temperatures  are  for  the  period  between  August 
I.  1905,  and  March  30,  1907,  and  the  figures  for  rainfall  represent 
the  precipitations  between  the  dates  of  planting  and  harvesting. 
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Ti:\fl»KRATlRK   AND  RAIXFAI.I.  AT  SmSTATION   A. 


Month 


Max. 


August.  icpS..  86.4 

Sept \.  86 

Oct 86.7 

Nov 88 

Dec 86 

lau.,    1906.  ...  83 

I'cb 84 

Mar 82 

April 85 

May 85 

June   I  85 

July i  87 

Aug J  89 

Sept 89 

Oct 89 

Nov I  88 

Dec 83 

Ian.,    1907.  ...  82 

Feb 82 

Mar j  86 

Average    .  . . .  ^  85.6 


Temperature 

1 

RHiiifall. 

Inches 

Mln. 

Mean 

70.6 

78.5 

.12 

69 

77-5 

'         1-49 

67 

76.8 

•05 

65 

76.5 

1             .38 

64 

73 

1-39 

fXD 

71 -5 

1.38 

(0 

72 

•19 

59 

72 

1      314 

63 

74 

1         .50 

66 

76 

•S3 

66 

76 

70 

,       78.5 

•17 

71 

'       80 

•56 

69 

79 

1        -'2 

69 

79 

1.24 

64 

76 

3.02 

64 

73-5 

10.20 

65 

73-5 

9. II 

63 

72.5 

.       5-33 

56 

73 

i       1.12 

65.0 

75-5 

!     40.04  (total) 
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Farvesting  of  Plant  Cane  on  the  Experiment  Plats, 

The  cane  on  the  two  middle  furrows  of  each  plat  was  cut  and 
v.ei^hed,  and  the  juice  tested,  on  March  i8th  and  19th,  1907. 
Ihe  yields  of  cane  and  sugar,  as  well  as  the  quality  of  the 
juices,  were  calculated  from  the  results  obtained  from  corre- 
sponfHng  plats  in  the  duplicate  series  of  tests.  For  instance,  the 
weight  of  cane  on  the  two  test  rows  of  Plat  No.  i.  Division  A. 
was  1397  ^^^^^  ^"d  ^^  ^l^t  ^^'  I'  Division  C,  1434  lbs.;  the  total 
^\'C'ight  harvested  from  an  aggregate  area  of  1400  sq.  ft.  was 
tlerefore  2831  lbs.,  or  at  the  rate  of  44.04  tons  per  acre  for 
I  !at  No.  I. 

STATEMKNTS    OF    CANK    WEKUITS    AND    JUICE    ANALYSIS. 

\l  eights  of  Plant  Cane'.  Harvested  March  18  and  19,  1907. 


Area  Cut 

WciKht          1 

1 

Area  Cut 

Weiglit 

Pint 

Siiiiiire 

ofcanc         1 

Flal 

Sq\iare 

of  Cane 

Fci'l 

Lb.. 

Feet 

Lbs. 

A     I 

700 

1397     ' 

C    I 

700 

1434 

A  2 

n 

1261     J 

C   2 

a 

1260 

A3 

a 

1438 

C3 

it 

985 

A  4 

li 

1775     ■ 

C4 

" 

1314 

•^   5 

" 

1546     • 

cs 

'* 

1405 

A  6 

(t 

1458 

C  6 

a 

1401 

A7 

** 

1 301 

c? 

it 

1459 

A  8 

(* 

1552 

C  8 

" 

1524 

.\  9 

** 

1375     ! 

C9 

(t 

1225 

r.  I 

a 

950 

D  I 

it 

968 

1!  2 

*' 

1025 

D  2 

ti 

906 

I'  3 

it 

IIOI         ! 

D3 

it 

935 

154 

»i 

1035 

D4 

a 

986 

i'  5 

'* 

II4I 

D5 

it 

869 

T'  6 

n 

824 

D  6 

a 

869 

J^7 

a 

932 

D7 

a 

716 

r:  8 

{< 

969 

D  8 

ti 

916 

hg 

tt 

957      1 

D9 

ti 

845 

The  areas  and  cane  weights  given  above  are  correct. 

Signed.        E.  G.  CLARKE, 
For  Experiment  Station,  H.  S.  P.  A. 
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ANAI-VSIS  OF  JVICE  FROM    PLANT  CANE. 


riat 

Brix 
23.09 

Sucrose 
21-57 

Purity 
93-42 

'  Plat 

t— 

1  ^' 

Brix 
22.65 

1 
Sucrose 

Purity 

A  I 

21.43 

94.62 

A    2 

22.38 

20.90 

93-39 

1  C  2 

23-05 

21.84 

94-75 

A  3 

22.18 

20.78 

93  •^'9 

C3 

23.16 

21.87 

94-43 

A  4 

22.65 

21.25 

93.82 

C4 

23.26 

21.84 

93-89 

A  5 

22.28 

20.78 

93  27 

C5 

22.38 

20.97 

93-70 

.V  () 

22.48 

21.29 

94-71 

C  6 

22.11 

20.86 

94-35 

■^  7 

22.25 

20.75 

93-21 

c? 

22.11 

'    20.78 

93-98 

.\  8 

22.79 

21 .51 

94-38 

C  8 

22 . 1 5 

20.78 

93-8' 

.\  y 

22.15 

20.70 

93-45 

C9 

22.28 

20.99 

94.21 

1'.   I 

22.65 

21.21 

93-69 

D  I 

22.48 

21.18 

94.22 

J{    2 

^^■45 

21 .10 

93-99 

D  2  , 

22.59 

21-59 

95-57 

li  3 

22.35 

21.03 

94.09 

D3! 

22.55 

21-35 

94.68 

i;  4 

22.75 

21.39 

94.02 

D4 

22.42 

21.40 

95-^1 

r-5 

22.55 

21.10 

93-57 

1^5 

22.48 

21-55 

95.86 

r,  6 

23-05 

21.77 

94-45 

D  6 

22.12 

20.96 

94.76 

1'  7 

22.35 

21.19 

94.81 

D  7  1 

22.32 

21.15 

94.76 

r.  <s 

22.55 

21.36 

94-72 

D  8 

22.22 

21 .16 

95-23 

B9 

22.95 

21.70 

94-55 

D9, 

22.59 

21.32 

9438 

Filx?r  ^(    Cane  (approximate) — 10.85. 

Signed.        A.  E.  JORDAN, 
Assistant  Chemist,  Experiment  Station.  H.  S.  P.  A. 
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I  leather  Ccmditions. 

The  temperature  and  rainfall  at  Substation  A  during  the 
progress  of  the  ratoon  cane  experiments  arc  shown  in  the  fol- 
lowing table. 
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TEMPER ATIRK    AN'D    RAIXFALL    AT    SIT.STATION'    A. 


Month 


Max. 


Toii»iK»rauir<' 
Mill. 


July,   1907 89 

■^"R 92 

^^Vi.    94 

(  ct 90 

Xov.  j  91 

IVc J  91 

Jan..    1908 88 

Feb.    88 

Mar 87 

April   87 

.^lav    87 

June    86 

July   89 

Aus 87 

Sept 89 

( )ct 92 

Nov 90 

I  )ec 86 

J.'in.,   1909 86 

leb.    86 

Afar 79 

Average 88., 


62 

65 
66 

58 
55 
55 
55 
54 
57 
59 
58 
60 

65 
63 
63 
64 

57 
57 
54 
54 
63 

59-2 


MOHU 


Rainfall 
Inches 


75-5 
78.5 
80.0 
74.0 
73  o 
73  o 

71-5 
71.0 

72.0 

730 

72.5 
73  o 
77.0 
75-0 
76.0 
78.0 
73-5 
71-5 
70.0 
70.0 
71 .0 

73-7 


1 

•  43 

2 

.96 

.66 

.46 

.84 

40 

21 

I 

25 

I 

57 

07 

14 

43 

08 

I 

55 

I 

19 

22 

4. 

S3 

24 

.  17- 

23  (mu) 
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Harvesting  of  Ratoon  Cane  on  the  Experiment  Plats. 

^hc  cane  on  the  midcllc  two  rows  of  each  plat  was  cut  and 
wei.q:hecl  and  the  juice  tested,  March  3.  1909. 

STATEMENTS  OF   CANE   WEIGHTS   AND  JUICE   ANALYSIS. 


Jl'eights  of  Ratoon  Cane,  lbs. 


Harvested  March  3,  1909. 


Fertilizwl 

WciEht 

No.  of 

Unfertilized         Weiciit  No.  of 
Pi.AT                  Test                    of         Dead 

Plat                  Test 

of 

D<-«d 

A  rca 

Oano 

Canes 

1         Area                 Cane     Cnnes 

A    I          400    Sf|.    ft. 

686' 

2 

P>    1        400   .sq.    ft        42 1        — 

A    2 

697 

— 

n  2      "       "      419     — 

A   3           " 

779 

— 

p.  3         ••           "         421         - 

A  4         " 

976 

— 

r.  4     i "       "      -416 

— 

A  5        " 

900 

— 

i^  5 

a                   »i 

^62 

— 

A  6 

1006 

— 

l\  6 

it                   (f 

4''4 

— 

A  7        •• 

788 

1 

15  71" 

488 

4 

A  8 

952 

5 

15  8       1" 

451 

— 

A  9 

793 

I 

B  9 

ii 

441 

— 

C  6 

727 

— 

I)  6 

4^5 

— 

C7        •' 

665 

— 

D  7 

331 

— 

C  8    1    •• 

855 

— 

D  8 

a 

447        — 

C9    '    " 

723 

— 

D9 

**      !  405        — 

C  I 

773 

2 

D  I 

"    ;  394     - 

C  2 

716 

— 

D  2 

4^8  1  — 

C  3        " 

754 

— 

D3 

408     — 

C  4        " 

921 

— 

D  4 

429  1  — 

C  5        " 

828 

— 

J)  5 

4^3    !      — 

The  area  and  cane  weights  given  above  are  correct. 

Sgnd.  JAMES  H.  WALE, 

For  Experiment  Station,  II    S.  P.  A. 
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Sgiul.  R.  S    XORRIS, 

Asst.  Chemist,  ExperimcMit  Station,  H.  S.  P.  A. 
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DATA   CONCERXlNCf  TNE   VIKLDS  OF   CANIC   ANM)  SL'dAR   AT   STH- 
STATION    A. 


YIELDS  OF  CANE  ON   THE    FERTILIZED   AND    UNFERTILIZED    I'LATS. 
PLANT    CANE. 


Pi  AT 

No. 

Fertillzat 

on.    Lbs. 

PotHsh 

]>or  A<'rc 
Phos.  Acid 

A  rcu 

cm 

Sc|.  Ft. 

WVijfht  of  <i 
Frrtilizcd 

uie.     LliH. 

NitroKen 

1 

N..t 
Fertilized 

I 

r'6o"^ 

60 

60 

1400 

2831 

I918 

2 

i     6o 

60 

90 

2521 

1931 

3 

6o 

90 

60 

'' 

2423 

2036 

4 

!     90 

60       , 

60 

3089 

2021 

5 

'      90     1 

90       , 

60 

2951 

2010 

6 

1      90     1 

60 

90 

2859 

1693 

7 

'      60 

90 

(>o 

2760 

1648 

8 

1      90 

90 

90 

3076 

1885 

9 

1      60 

i   -  - ^ 

60 

none 

2600 

1802 

RATOONS. 

...-.- 

Fcrtiliza 

tion.    I.tiH 

.  per  Acre 

.\  rca 

Woipht  of 

Cane.    Lbs. 

PLAT 

No. 





— 

Cut 

. 

Not 

Nitrogen 

Potash 

Pho8.  Acid 

8.1,  Ft. 

Fertilized 

Fertilized 

I 

60 

60 

60 

800 

1459 

«i5 

2 

60        • 

60 

90 

u 

UI3 

847 

.-^ 

60 

90 

60 

*i 

'^533 

82() 

4 

90        1 

60 

60 

*' 

.897 

845 

5 

90        1 

90 

60 

'* 

17^8 

875 

6 

90 

60 

1          90 

'* 

1733 

829 

7 

.       60 

90 

1          90 

*' 

M53 

819 

8 

90 

90 

90 

t< 

1807 

898 

Q 

60       1 

60 

none 

t( 

1516 

846 
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SUCROSE  IN   JUICE.      PERCENT. 
PLANT  AND  RATOONS. 


Kertilizatioii.    Lbs 

per  Aero 

Plant  Cane 

Plat 

^ 

J 

^  . 

Xo. 

Nltr()j?oii 

Potash 

Ph08. 

Acid 

Fertil- 
iztHl 

'         Not 
1    FertiliKed 

I 

6o 

60 

60 

2^.5 

1        21  .2 

2 

6o 

60 

90 

21.4 

;    21.3 

3 

6o 

90 

60 

21.3 

21  .2 

4 

90 

60 

60 

21.5 

21.4 

5 

90 

90 

60 

20.9 

i        21.3       1 

6 

90 

60 

90 

21.1 

;    21.4   , 

7 

60 

90 

90 

20.8 

1        21.2       1 

8 

90 

90 

90 

21.  I 

!    21-3   ! 

<) 

60 

60 

none 

20.8 

'    21.5    ' 

1        ^    1 

RatoonH 


Fertil- 
ized 


21  .0 
21.3 
21.0 
20.9 
21  .4 
20.4 
21.4 

21.5 
21  .2 


Not 
Fertilized 


21  .0 
21  .0 
20.9 
2T  .1 
21  .  I 
20.9 
20.6 
20.7 
20.6 


PURITY    OF    JUICE.       PLANT    AND    RATOONS. 


Fertilizii 

tinn.    Lbs, 

per  A ere 

'          Plant  Cane 

Rat 

00ns 

Plat 

+  -      -     - 

1  -   — 

-  - 

—        -           t 

No. 

Nitro- 

Potash 
60 

Phos. 

1   Fertil- 

Not 

Fertil- 

Not 

gi'n 

Acid 
60 

,        i7.C<l 

1    94.0 

Fcrtllizcrt 

ized 
96  .'l      1 

Fertilized 

I 

60 

93- 

0 

95-9 

2 

60 

60 

90 

;  94.1 

94- 

8 

95-5 

96.1 

3 

60 

90 

60 

1    940 

94 

4 

95-6 

95  0 

4 

90 

60 

60 

i  93-9 

94 

•7 

95-9    1 

95 -o 

5 

90 

.    90 

60 

!  93-5 

94 

7 

96.6    1 

95-9 

6 

90 

60 

90 

94.5 

94 

6 

95-6    i 

95-9 

7 

60 

90 

90 

;  93-6 

94 

8 

96.0 

96.0 

8 

90 

90 

90 

•  94-1 

95 

0 

95-5 

96.5 

Q 

60 

60 

none 

;  93-8 

94 

5 

96.1 

95-6 
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AXAir.AlU.K*    SUGAR    PER    ACRE.       TONS. 
PLANT  AND  RAT(K)NS. 


Fortili/.a 

tl«m.   Lbs. 

P<'r  Acre. 

Plant  < 

'aii(> 

Rut 

H>ns 

Pl.AT 

_      -_ 

f 

— 

No. 

Nitro- 

Potash 

6o 

'      PhOH. 

Ferlil- 

Not 

Fertil- 

Not 

6o 

Acid 
60 

1      ized 

Firilllre<1 

ized 

Fertilize*! 

T 

!  7-38 

4.92 

6.57 

3.66 

2 

6o 

6o 

QO 

.  6.53 

5or 

6.44 

3.82 

3 

6o 

<X) 

r>o 

6.23 

5  23 

6.90 

3-6i) 

4 

()0 

6o 

,  60 

8.05 

5-26 

8.50      , 

3.80 

5 

()0 

90 

.  60 

,  7.45 

5.20 

7-94 

3-93 

6 

QO 

60 

()0 

;  7-32 

4.40 

7-50 

3-7' 

7 

6o 

00 

<)o 

6.94 

4-25 

6.68 

364 

« 

OO 

t)0 

C90 

7.90 

4.87 

8.30 

4.00 

c) 

6o 

60 

none 

6.56 

4-71 

6.89 

3-73 

i.AIN    IN    AVAILABLE   Sl'C.AR    FROM    FERTILIZATION. 
PLANT  AND  RATCX)NS. 


■ 





: 

Pi  \t 

Frrlilizrttlon.    L»»h. 

IKT  Acre 

Pho>*, 
Acid 

60 

Plant  { 
Tons 

2.46  1 

['Htie 

1              RHtoon^ 

No. 

Nilro- 

60 

potash 
60 

Per  Cent. 
50.0 

1     Tons           Per  rent. 

I 

2.91          79-5 

2 

60 

60 

90 

1-52     ' 

30.3 

2.62         68.6 

3 

60 

(K) 

60 

1.00 

19.1 

3.21          87.0 

4 

»)o 

60 

60 

2.79  1 

530 

470        123" 

5 

(;o 

()0 

60 

225 

43.3 

3.99        101. 0 

6 

tp 

60 

<^ 

2.92 

66.4 

3.88        104.6 

7 

60 

90 

90 

2.69 

63.3 

304         83.5 

8 

<)0 

90 

90 

3.03 

62.2 

4.30        107.5 

0 

60 

60 

none 

1.85 

39-3 

3.16         84.7 

_ 

—  —   _ 

_    ^ 

1 L_ 

*  To  obtain  avallalilo  suKftr  the  sucrose  in  the  expressed  juice  is  multiplied  by  the 

factor  .s  (1.4  -  ,.  ***,      ).    Tlie  weights  of  available  sugar  as  K«ven  for  the  plant  cane  in 

Purity 
Circular  No.  fi  have  in  thin  bulletin  been  modified  in  aect»rdanee  with  this  more  satis- 
factory formula. 
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GAIN    IN    AVAII.ABLE   SUGAR    FROM    FERTILIZATION. 
AVERA(;E  of   PLANT  AND   RAT(K)NS. 


Plat 

FertilizHtioii.    Lbs. 

per  A<rt'. 

Averagv 

Gain 

Ba.siK 

X<». 

Nitrojreii 

PotHsh 

Phos.  Add 

Tons 

Per  CtMit. 

Tons 

I 

6o 

60 

60 

2.68 

62.5 

4.29 

2 

6o 

60 

90 

2.07 

46.9 

4 

41 

3 

6o 

90 

60 

2.  10 

47-1 

4 

46 

4 

90 

60 

60 

3-74 

82.5 

4 

53 

5 

90 

90 

60 

312 

68.2 

4 

57 

6 

90 

60 

:    90 

1   340 

B3-9 

4 

05 

7 

60 

90 

90 

'  2.86 

72.6 

3 

94 

8 

90 

90 

90 

,  3.66 

82.6 

4 

43 

<) 

60 

60 

none 

:  2.50 

59-2 

4 

22 

Digitized  by 


Google 


Digitized  by 


Google 


51 


ANALYSIS  OF  SOIL  OF  SUBSTATION   B. 

The  soil  of  this  substation  is  a  dark  friable  loam  of  about  13 
inches  depth,  underlaid  by  three  feet  of  dark  yellow  .ud)i  oil  rest- 
ing: ^1^  '*Aa."  The  composition  of  the  top  soil  is  indicated  by  the 
following  analytical  data: 

Mechanical  Analysis. 

Loss  on  ignition   3^>-oi 

Coarse  grits 55 

Fine  grits 66 

Coarse  sand 29 

Medium  sand   2. 11 

Fine  sand   10.47 

Coarse  silt  32 .  68 

Fine  silt  14.61 

Clay   2.16 

Total 99-54 

Agricultural  Analysis. 

Combined  water  and  organic  matter..   26.16 

Insoluble  residue   i^-?^ 

Ferric  oxide  (Fe^Os  )    18  98 

Alumina  (AI2O3 ) ^9  99 

Lime  (Ca( ))    39 

Magnesia  (MgO)    70 

Potash  (K2O)  . .29 

Soda  (Na20) 21 

Sulphuric  anyhydride 20 

Phosphoric    anhydride    5t 

Chlorine    '. 018 

Total 100. 168 

Nitrogen    70 

Soluble  silica   12.09 

Humus   II. 01 

Nitrogen  in  Humus   4  36 

Absorptive  power 5^"^ .  16 

Moisture  in  air  dry  soil 14-03 

Reaction    acid 
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Cultivated  with  small  plows,  August  5,  k>05. 
Cultivated  with  Horner's  cultivator,  August  16,  1905. 
Cultivated  with  Horner's  cultivator,  Sept.  9,   1905. 
Cultivated  with  small  plow  and  hiller,  Sept.  16,  1905. 
Third  hoeing,  Nov.  21,  1905. 
First  stripping,  June  17,  1906. 
Second  stripping,  Dec.  20,   1906. 

Weather  Conditions. 

No  rainfall  or  temperature  records  were  kept  at  the  elevation 
at  which  the  substation  was  located,  but  the  following  data  de- 
rived from  rainfall  and  temperature  observations  at  thj  planta- 
tion office,  elevation  350  feet  and  the  adjacent  plantation  iioo 
feet,  give  some  idea  of  the  weather  conditions  which  prevailed 
during  the  progress  of  the  experiments. 


Digitized  by 


Google 


S3 


TEMPERATURE    AND   RAINFALL   RECORD. 


Month 

May,  1905   

June    

July 

Aug 

Sept 

Oct 

Xov 

Dec 

Jan.,   1906   

Feb 

Mar 

April   

Mav   

June    

July 

Auk 

Sept 

Oct. 

Xov 

Dec 

Ian.,    1907    

Feb 

Mar 

z\veragc    

♦Total  rainfall. 


79 


62 
62 
61 


Teini>erature 

Mhx. 

Mill. 

^'  "  80"" 

66^  r 

:       81 

67 

82 

69 

81 

70 

82 

70 

82 

68 

81 

66 

!         79 

62 

;      85 

59     : 

86 

56    , 

84 

56    i 

86 

62 

85 

62 

8y 

64 

88 

65 

87 

65 

89 

64 

,         89 

63 

86 

60 

84 

58    1 

RaiiifHlI 


I 
83^6  [  63 


Mean 


74 
75 
76 

76 
75 
73 
71 
71 
72 
71 
73 
73 
75 
75 
75 
76 

75 
72 
70 
71 
70 
70 


:«.')0  Foot 

sToo 
5 -07 

6.48 
II  .  19 

3-97 

6.38 
.96 
■85 

2.02 
7.60 

2.04 

1.39 

7.85 

9.  TO 
1.47 
1.09 
6.02 

^5-31 
3.02 
0.62 
8.34 


I  Adjacent 
Plantation 
1,100  Feet 


I 


7.04 
4.65 
8.34 
8.04 
18.70 
6.98 

6. 14 
9.24 
1.98 
2. 19 
2.97 
8.68 
7.04 
1.08 

9-74 
1 1 .  17 
1.84 
1.07 
7.65 
18.51 
1. 91 
8.79 


73.  IJ24. 58*^161  ^07^^ 
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I'an'cstiiii^  of  Plant  Cane  on  the  Experiment  Plats. 

The  cane  on  the  test  rows  was  cut  and  weig^hed  and   he  juice 
tested  on  the  23th  and  26th  of  March,  1907. 


STATKMKXTS  OK   CANE   WEIC.HTS   AND  JUICE    ANALYSIS. 

U  eights  of  Plant  Cane.  Harvested  March  25  and  26,  1907. 


1        Area  Cut 

Wt.oK'aiu' 

Plat 

Arert  Cut 

Wi.  of  fane 

Pi. AT          1               _ 

I         S<i.  Ft. 

Ukt. 

S«j.  Ft.               U>s. 

\    I          1           700 

I3IO 

C    I 

700                   1747 

A  2 

1006 

C   2           1             '•          i            154') 

A  3 

1257 

C  3        1         *•               '590 

A  4 

I2I1 

C  4                '•               1483 

A  5 

•493 

c  s      '      '•           '634 

A  6       ! 

1681 

C  6        ,         ••               1620 

A  7 

•519 

C7        1         "               1287 

A  8       . 

1441 

C  8                ••               i5-'6 

A  .) 

1437 

C  9                ••               i3f 

1 

T 

1348 

D  I                '•       1        1482 

I' 

2 

1367 

D  2        '         ■'       '        1359 

I' 

.^ 

1009 

D  3                ••               1343 

1 

4 

I '74 

D4 

1739 

r 

5       ' 

1262 

I)  5 

*• 

153^ 

I 

>  6       1 

1032 

D  6       1 

,566 

J 

~    1 

'521 

1)7 

1624 

r 

8 

1718 

D  8 

••            1745 

r 

9 

iS66 

1)9 

moo 

The  areas  and  cane  weights  given  ahove  are  correct. 
Signed.  E.  G.  CLARKE. 

For  Experiment  Station,  H.  S.  P.  A. 
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ANALYSIS  OF  JUICE  FROM   I'LANT  CANE. 


Plat 


Brix     Sucrose     Puritv,     Plat        Hrix     Siicros"    Piiritv 


A 
A 
A 
A 
A 
A 
A 
A 
A 
B 
B 
[' 


1 

2 

3 

4 
5 
6 

7 
8 

9 
I 

2 

4 
5 
6 

7 
8 


B 


20.05 

;  20.38 
21.38 
19.68 
20.28 

i9.8(j 
20.59 
20.49 
20.91 
20. 14 
20.44 
20.78 
20.78 
20.48 
20.38 
20.48 
19.84 
20.54 


8.43 
8.89 
8.81 
8.02 
8.84 
8.00 
8.69 
8.71 
9.20 

8.43 
9.00 
9.20 

9  38 
8.87 
8.87 
9  03 
8. II 
8.76 


91 .92 
92.69 
87.98 
91.56 
92.90 
90.50 
90.77 

91-31  , 

91.82 

91-51  ' 

92-95 

I  92  40 

'  93-26 

I  92.14 

i  92.59 
92.92 

91 .28 
91-33 


C 
C 

c 
c 
c 
c 
c 
c 
■c 

D 
D 
1) 
I) 
D 
D 

i:>7 

D  8 
D9 


19-74 
19.84 
20.24 
20.14 
20.38 
19. (>8 
20.81 
20.71 
20.71 
20.58 
20.38 
20.28 

20.75 
20.65 
20.65 
20.78 
20.48 
20.28 


18.05 
17.98 
18.50 
18.48 
18.79 

18.35 

T9.  20 
19.20 

1 9 .  20 
19. 1 1 
19.03 
18.89 
19.29 
19.03 
19.14 
19. 16 
19.00 
18.88 


91-44 
I  90.63 
'  9».4o 
I  91.76 

C)2  .  20 

9».«4 
92.26 

I  92.71 
!  92.71 

j  92.86 

93.38 

93.15 
92 .  96 

92.15 
92.69 
92 .  20 

92.77 
193.10 


Fiber  %  Cane  (approximate )=  12.00. 

Signed.  A.  K.  JORDAX. 

Assistant  Chemist,  Experiment  Station,  H.  S.  \\  A. 
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Harzfesting  Ratoon  Cane  on  Experiment  Plats. 

The  cane  on  the  middle  two  rows  of  each  plat  was  out  and 
weig-hed  and  the  juice  teste<l,  March  9  and  10,  T909. 

STATEMENTS  OF   CANE   WEIGHTS   AND   JUICE   ANALYSTS. 

Weights  of  Ratoon  Cane.        Harvested  March  9  and  10,  1909. 


Plat 

A  I 
A  2 
A3 

A  4 


A 

5 

A  6 

A 

7 

A 

8 

A 

9 

C 

I 

C 

2 

C 

3 

C 

4 

C 

5 

C  6 

C 

7 

C 

8 

C 

9 

Fertilizer 
Test 
Area 

700   SCj.    ft. 


Weigh  ti 

X...  of 

of 

DcikI 

Pl-AT 

Cane 

Canes 

885! 

6 

B     I 

638, 

3 

B    2 

648 

4 

B3 

819, 

2 

B  4 

884 

I 

B  5 

1070 ' 

2 

B  6 

912 

1 

B  7 

1012 1 

.3 

B  8 

7>4! 

2 

B9 

1314 

2 

D  I 

1 146 

0 

D  2 

8661 

2 

1>  3 

'057  I 

I 

D4 

1153  1 

I 

I)  5 

1096  ' 

4 

D  6 

741  ' 

4 

D  7 

1046 

2 

D  8 

847 

4 

1)9 

I'liferiilized 
Test 
Area 


I  Weight 
I        of 
1      (^ane 


700    SCj.    ft. 


704 
815 

624 

704 

666 

821 

881 
868 

75^> 

753 
86S 

705 
762 
861 
760 


N»..(>f 
Dead 
('aties 


3 

I 

o 
o 
I 

o 
o 

4 

2 

4 
4 
2 
2 
I 

2 
2 
2 
3 


The  area  and  cane  weights  ^iven  above  are  correct. 

Signed.        E.  G.  CLARKE, 
For  Experiment  Station,  H.  S.  P.  A. 
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Signed.  A.  K.  JORDAN, 

Assistant  C'lieniist.  Exi)erinK'iit  Stalion.  H.  S   P.  A. 
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I  .ATA    COXCERNING   THE   YIELDS   OF   CANE   AND   SUG  \K   AT   SUBSTA- 
TION  B. 

YIELDS  OF  CANE  ON    THE   FERTILIZED  AND   UNFERTILIZED    PLATS. 

PLANT   CANE. 


Plat 
No. 


I 
2 

,s 

4 

5 
6 

7 
8 


Fertilization.    Lbs.  per  Acre 


Sitnxjeii 


Potash 


6o 
6o 
6o 

90 
90 
90 
60 

60 


60 
60 
90 
60 
90 
60 
90 
90 
60 


Ph(i». 
Acid 


ArcHCiit       - 
Sq.  Ft. 


Weiglits  (if  Cane.    I'omuls 


'  V  I  — 

Fertilized    '       j.erti'li,.ed 


60 
90 
60 
60 
60 
90 
90 
90 

none 


RATOONS. 


1400 


3057 

2S55 
2847 

2694 
3127 
3301 
2806 
jt)67 

2759 


2830 
2726 
2352 
2913 
2794 
2598 
3 '45 
34<''3 
3126 


Plat 
X<). 


I 

2 

3 
4 
5 
6 

7 
8 

0 


Fertilization.    Lbs.  per  Acre 


Xitrogon        Potash 


-1 


60 
60 
60 
90 
()0 
90 
60 
90 
60 


60 
60 
90 
60 
90 
60 
90 
90 
60 


Phos. 
A.id 

60 
90 
60 
60 
60 
90 
90 
90 

none 


WeiRhtsof  ( 

*ane.    PouihIm 

S«i.  Ft. 

Fertil- 

Not 

ized 

Fertilized 

1400 

2K)9 

1645 

.784 

1683 

" 

I514 

1298 

'* 

1876 

1377 

2037 

'572 

'• 

2166 

1277 

'* 

^^53 

1428 

i. 

2058 

1793 

1561 

1581 
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sux:r()se  in  juice,     percent. 


Flat 
No. 


3 

4 

5 
6 


iFrrlili/Htitm.  Uih.ikt  \rro 
I'litasli 


I'lniit  Cttiii' 


RtU(M)||S 


Nitro- 


I  I'lios. 
I  Aciil 


7 
8 


6o 
6o 
6o 
go 
yo 
go 
6o 

C)0 

6o 


6o     ;   6o 
6o     I  go 


<X) 
6o 
go 
6o 
go 
go 
6o 


6o 
6o 
6o 
go 
go 

none 


Ferlil- 
18.24 

i«.43 
,18.65 

18.25    ' 

18.81 

18.17 

18.94 

18.95 

19.20 


N(H 
Ffiiili/A(l 

18.77 
19.01 
19.04 

19-33 
18.95 

19.00 
19.09 

18.82 


Fortil- 

~i8.95 
1 9 .  22 

u).  10 

19.57 
19.40 

19.3^ 
19.30 

i9-35 


N«.t 
KirUIlznl 

18.87 
18.65 
18.80 
18.87 
18.72 
19.00 
19.  10 

'9.15 
18.72 


PURITY   OF  JUICE.      PLANT   AND   RATOONS. 


PUT 

No. 


Fcrtili/.Mtitm.  Lbs.iHT Arre  Plant  ('aiie 

Potash 


Niini- 
Kcn 


1  t 

2  I 

3  i 

4  1 

5  I 

6  I 

7 
8 

0 


60 
60 
60 
90 
90 
90 
60 
90 
60 


60 
60 
90 
60 
90 
60 
90 
90 
60 


Phos. 
At'W 

60 
90 
60 
60 
60 
90 
(/) 
90 


Fertil- 
ized  

91.7 

91 .6 
89.6 
91.7 

92.5 
91 .2 

91.5 
92.0 


none     ]  1)2.3 


Not 
Fertilized 

92.2 

93  •» 
92.7 

93.1 
92.2 
92.6 

9^.5 
92.0 
92.2 


Katoon.s 


F'ertil- 
ize<l 

9V06 
92.86 

93-4^ 
92.94 

94.11 

93.75 
92.94 

93.28 


Not 
Fertilized 

93.^-2 
92 . 1 2 
02.18 
9^-37 

9^.';4 
9^.33 

93.4^> 
93.05 
92 .  5^> 
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AVAILAHLE  SUGAR   PFR   ACRE.      TONS. 
PLANT  AND  RATOONS. 


Pr.AT 
No. 

FtTtilizat 

ion.   Lbs 

.pcrAcre 

PUi 

I  Cnne 

lUtoons 

Nitro- 

FhoK. 

Fenn- 

Not 

Fenil- 

Not 

IfOIl 

Potash 

Acid 

izeil 

Fertilized 

ized 

Kertiluwl 

I 

6o 

6o 

6o 

6.86 

6.38 

5. or 

375 

2 

6o 

6o 

()0 

5.61 

6.26 

4.16 

3-77 

.^ 

6o 

l)0 

6o 

6.30 

5-39      , 

3-51 

2.03 

4 

i)0      1 

6o    . 

6o 

5-91 

6.80      1 

4.31 

3'2 

5 

i;o 

i>o 

6o 

7.08 

6.36 

4.83 

3-55 

6 

i)0 

6o 

90 

7-17 

5-95 

4.58 

2.01 

7 

6o 

<)0 

«;o 

6.37 

7.24 

3-83 

3.20 

S 

l)0 

c)o 

ip     1 

6-75 

7.72 

4.78 

3-70 

0 

rx) 

6o 

none  , 

6.37 

7.08 

3.64 

3-56 

(iAlN    (»R    LOSS    IN     WAILAOLE    SUGAR    FROM    FERTILlZATiUX. 
PLANT   AND  RATCX)NS. 


Fer 

ilization. 

Lbs 

per  Aire 

Pi  AT 

— 

—       — 

— 

No. 

Nitro- 
Kon 

P(»tash 

I'hos. 
Ail<l 

I 

60 

60 

60 

2 

60 

60 

90 

3 

60 

90 

60 

4 

tJO 

60 

60 

5 

90 

90 

60 

6 

t)0 

60 

90 

7 

60 

90 

90 

8 

<>o 

90 

90 

9 

60 

60 

none 

Plant  Cane 


Tons 


+ 
+ 
+ 


•48 
•65 
•91 

.8t) 
72 


+  1.22 

—  -87 

—  -97 

—  •7' 


Percent. 


+  7-5 
— 10.4 
+  16.9 
—'3-1 

+  II-3 
+20.5 

—12.0 
—12.6 
— 10.3 


Tone 


Raloons 


+  1.26 
+  -39 
+  -58 
+  1.19 
+  1.28 
+  1-67 

+  -54 
+  1.02 
+   .08 


I  Pendent. 

+33-6 
4-10.3 
4-19.8 

1+38-1 
+36.0 

■I-57-4 

L16.4 

4-27.1 

-L   2.2 
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GAIN    OR    LOSS    IN    AVAILABLE    SUGAR    FROM    FERTILIZATION. 
AVERAGE    OF    PLANT    AND    RATOONS^ 




KertillzRl 

on.  Lbs. 

per  Acre 

Ave  rage  Gair 

<»r  Loss 

Hasis 

Plat 

4 



—  — 

_       — 

—  -^ 

No. 

Nit  rope  n 

HotHSh 

Phos..\cid 

Tons 

Percent. 

Tons 

I 

6o 

60 

60 

+  -87 

+17.2 

5.06 

2 

6o 

60 

90 

—    13 

~  2.6 

5 

01 

3 

6o 

90 

60 

^-  -74 

+  17.8 

4 

16 

4 

90 

60 

60 

+  -15 

+  3.0 

4 

96 

5 

90 

90 

60    ; 

+  1.00 

+20.2 

4 

95 

6 

90 

60 

90 

+  1-44 

+32-5 

4 

43 

7 

60 

90 

90 

—  .16 

—  30 

5 

26 

8 

90 

90 

90 

+    .02 

+     -3 

5 

74 

9 

60 

60 

None 

—     31 

-5.8 

5 

32 
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SUBSTATIONS  C  AXD  D. 
(Elevation  700  feet). 

1HA(;RA.M    of    KXPERIMKNT    PLATS,    SUIISTATION    C. 


A      N 


I' 

i    ^ 

1 

^l 

'^ 

.^ 

a* 

I' 

n 

B 


O 


c 


D 


O €>- 


FLUtvie 


•4  J'-  V  *v  'T^  'v  -n 


:3 

1 

lt> 

1 

9 

S 

4.- 

S 

FLUME 


S 


Xote. — This  .siil)stati(jn  was  laid  out  in  such  a  manner  that 
it  could  be  irrigated  by  means  of  tanks  and  flrmes  as  in  th^' 
case  of  Substation  A.  A  system  of  accurately  measuring  the 
wcfter  was  not  followed,  however,  for  the  ratoons,  and  the  ordin- 
ary plantation  method  of  irrigating  was  adopted.  On  this  ac- 
count comparisons  with  respect  to  the  yields  of  different  plat^ 
as  iniluenced  by  fertilizer  applications  are  precluded  in  this  i"' 
!- lance,  except  when  made  in  a  very  general  way. 
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DIAGRAM    OF    EXPERIMENT    PLATS,    SUBSTATION    D. 


3a 


B 


- 

Ml 

: 

i? 

e 

" 

r> 

t> 

c 


■^ 

^' 

-?. 

vy 

li 

^ 

- 

^ 

-T^ 

D 


1-^ 

'/ 

?i 

- 

V 

S" 

f^ 

^f 

I. 

^r 

2  70'- 
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Manganese  oxide  (Aln3U4), 

Lime  (CaO)   

Potash  (K2O)    

Soda  (Xa20)   

Sulphuric  anhydride 

Phosphoric  anhydride 

Chlorine 


21 

33 
40 

30 
14 
84 
02 


Total 99  4'^ 
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Nitrogen 391 

Soluble  silica 17-75 

Humus 6. 57 

Nitrogen  in  humus 4.01 

Absorptive  power 34  •  00 

Moisture  in  air  dry  soil 17.21 

Reaction Acid 

Aspartic  Acid  Analysis. 

Lime 078 

Potash 01 1 

Phosphoric  acid 0003 

Nitrogen 39 

Moisture  in  air  dry  soil 18. 16 

Slope  of  Field. 

The  experiment  area  had  a  5  percent  grade  running  approx- 
imately at  right  angles  to  line  of  furrows  and  a  2  percent  fall 
running  with  cane  rows. 

PLANT  CANE  TESTS  AT  SUBSTATIONS  C  AND  D. 

The  data  given  below  in  regard  to  treatment  of  plats,  and 
veather  conditions,  apply  to  both  Substation  C  (irrigated)  and 
Substation   D   (unirrigated),  except  when   specified. 

Preparation  of  Land  for  Planting. 

May  5  ,1905:  steam  plowed  once  to  a  depth  of  16  inches. 

May  6,  1905 ;  harrowed  with  steam  harrow. 

May  2y,  1905 ;  plowed  by  gang  disk  plow,  twice. 

June  2,  1905 ;  harrowed  by  mule  harrow,  twice. 

June  6,  1905;  cleared. 

June  9,  1905 :  furrowed  out  with  double  mould-board  ])low. 

Ftantmg. 

Plats  were  planted  with  Yellow  Caledonia  cane  on  the  15th 
zud  16th  of  June,  1905. 

TreattKik^nt  of  Plats. 

Some  replanting  was  performed  on  August  2,  1905,  and  fer- 
tilizer was  applied  on  August  3,  1905,  and  April  5,  1906. 

In  the  case  of  Substation  C,  six  applications  of  water  were 
^T-iven  the  plats,  the  dates  of  watering  being  as  follows:  June 
^jtjcl  and  30th,  and  July  7th,  14th,  2rst,  and  28th;  in  each  in- 
stance two  inches  of  water  were  applied. 
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TIk^  areas  and  cane  weights  given  above  are  correct. 

Signed,  E.  G.  CLARKE, 
For  Experiment  Station,  H.  S.  P.  A. 
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SinSTATION    I).       WEIGHTS  OF   PLANT  CAXE. 


Pi  at 

An»a  Cut 

\Vt.  of  Cane 

] 

Area  Cut 

Wt.  of  Cane 

riMT 

Sm.  Ft       ' 

Ul8. 

Plat      1 

8q.  Ft. 

Uw. 

A  I 

700 

I  108 

C  I 

700 

1265 

A    2 

1221 

C  2 

1072 

A3 

1084 

^3    , 

959 

-'»  4 

1241          1 

.     C4 

1294 

A  5 

1523 

C5 

1 170 

A  6 

1407 

C  6 

1308 

A  7 

1462 

C  7 

1 174 

A  8 

1377          1 

C  8 

1178 

.\  9 

1277 

1     C9 

, 

1195 

It   I 

1060          ' 

D  I 

996 

'.    2 

942          1 

D  2 

893 

1-3 

903 

D3    , 

847 

B  4 

1069 

D4 

9^>5 

1-  5 

1 

875 

1    '^5 

849 

r.  6 

780 

'    D  6 

806 

H7 

1 

741 

D7 

556 

r;  8 

1070 

D  8 

601 

15  9 

*< 

1074 

D9 

605 

The  areas  and  cane  weights  given  above  are  correct. 

Signed,  E.  G.  CLARKE. 
For  Experiment  Station,  H.  S.  P.  A. 
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SLBSTATtON   C.      ANALYSIS  OF   JUICE   FROM    PLANT   CANE. 


Plat      Brix 


A 

^\ 
_\ 

A 
A 
A 
A 
A 
A 

i: 
I? 

r. 

i: 
I'. 
15 
B 
B 
ii 


21.48 
21.52 
20.18 
21.28 
21.58 
21.58 
21 .21 
21.58 
21.01 
22. 12 

21-95 
21.88 
21 .72 
21.82 
21.72 
20.55 
21 .92 
21.32 


Sucrose  :  Purity        Plat 


31 

29 

95 
25 
48 
66 
12 
44 
43 
70 

65 
65 
58 
84 
79 
15 
97 
77 


89.90 
89.64 
88.94 
90.46 
90.27 
91 .  10 
90.14 
90.08 
92.48 
89.06 
89.52 
89.81 
90.15 
90.92 
91. 12 
87.89 
91.10 
88.04 


C 
C 

c 
c 
c 
c 
c 
c 
c 

D 
D 
D 
D 
D 
D 
D 
D 
D 


Brix 

Sucrose 

Purity 

22.41 

20.50 

91.48 

21.91 

19 

80 

90 

37 

22.31 

20 

20 

90 

54 

21.92 

19 

95 

91 

Ol 

21.92 

19 

.84 

90 

•51 

22.35 

20 

09 

69 

.89 

21.65 

19 

.64 

90 

.72 

21.95 

19 

91 

90 

71 

22.12 

19 

98 

90 

33 

22.02 

19 

91 

90 

42 

21.85 

19 

95 

91 

30 

21.52 

19 

35 

89 

91 

21.85 

'9 

74 

90 

34 

21.92 

19 

74 

90 

05 

22.21 

19 

80 

89 

14 

22.61 

20 

40 

90 

23 

22.25 

19 

91 

89. 

48 

21.72 

19 

66 

90.52 

Fiber  ^  Cane  (approximate)  =  12.86. 

Signed,  S.  S.  PECK, 
Assistant  Chemist,  Experiment  Station,  H.  S.  P.  A. 
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Sr JLSTATION    I).      ANALYSIS  OF   JUICE    FROM    PLANT   CANE. 


I'^at       lirix     Sucrose  I  Purity        Plat      Brix     Sucrose    Purity 


A   I 

21.94 

lij.(>0 

:     89.33 

C  1 

22.09 

20.20 

A    2 

22.  ^)» 

19.70 

;  89.21 

C  2 

21.65 

19-75 

A  3 

21.91 

'9-75 

90.14 

C3 

22.12 

20.05 

A    4 

22.14 

19.90 

89.88 

C  4 

22.12 

20. 15 

-\  3 

21.98 

19.  (XJ 

89.17 

C5 

21-95 

19.80 

A  U 

22.41 

20.30 

90.58 

C  6i 

21.72 

19-75 

A  7 

22.88 

20.45 

89.38 

c? 

22.15 

20.35 

A  8 

21.58 

iyi5 

88.74 

C  8 

21.99 

20.05 

A.  9 

21 .91 

19.70 

89.91 

C9 

22.22 

20.30 

1!    I 

21.94 

1'>.25 

87 -74   ' 

D  I 

21.f>8| 

19.40 

i;  2 

^'.34 

19.05 

89.27 

D  2 

21.18 

19.05 

R    2 

22.04 

19.50 

88.47 

D3, 

21.58 

19.65 

r  4 

21.91 

19.70 

89.91 

D4, 

21.65 

19-75 

';  5 

21.52 

19.50 

90.61 

t)5. 

21.31 

19-45 

15  6 

21.52 

19.50 

90.61 

D  6, 

21.65 

19.60 

1-7 

22.15 

19.90 

89.84 

D7 

21.68 

19-35 

]•.  8 

21.45 

19.60 

91 -37 

D  8 

21-55 

19.50 

r.  9 

21.79 

19.90 

91.33 

D9 

21-75, 

19.70 

9144 
91.2.' 

90. (M 
91  .Oj 
90.21 

90.^)3 
91.87 
91.18 

91.06 
91.2:: 
91.27 

90.53 
8c;.  25 
90.4*^ 
90.57 


Fiber  [^f    Cane  (approximate)  =  12.86. 

Signed,  S.  S.  PECK, 
Assistant  Chemist.  Experiment  Station.  II.  S.  P.  A- 
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RATOON   CANE  TKSTS  AT  SUBSTATIONS  C  AND  D. 

Cutting  Back 

The  plats  were  all  cut  back  on  July  6  and  8,  1907. 

1  rcatmcnt  of  Plats  at  Both  Substations. 

r^irst  hoeing,  August  8,  10,  12,  1907. 

I'^irst  application  of  fertilizer,  August  15,  1907. 

Cultivated  with  small  plows,  August  29,  30,  31,  and  Septeni 
her  2,  1907. 

Cultivated  with  small  cultivators,  October  8  and  9,  1907. 

Second  hoeing,  October  10  and  11,  1907. 

Cultivated  with  small  plows,  October  12,  14,  15  and  16,  1907. 

Furrows  hilled  with  double  disk  plow,  October  22,  1907. 

Third  hoeing  December  30,  1907. 

Hoed  February  18,  1908,  and  second  application  of  fertilizer 
made  February  19,  1908. 

Stripped  December  29,  1908. 

Irrigation  of  Substation  C. 

The  dates  of  watering  by  the  plantation  method  were  as 
follows:  November  18  and  December  28,  1907;  January  22,  Feb- 
ruary 3  and  15,  March  3  and  17,  April  i  and  16,  May  i  and  15, 
and  June  2,  1908.  After  June  2,  1908,  the  irrigation  was  (lis- 
continued,  as  the  rainfall  was  considered  sufficient.  The  quan- 
tities of  water  applied  to  the  ratoons  are  not  known. 


Digitized  by 


Google 


74 


II  cat  her  Conditions, 

The  temperature  and  rainfall  record  at  270  feet  elevation, 
and  rainfall  record  at  (jtK>  feet  elevation,  afford  an  idea  of  the 
prevailinji;  weather  conditions  during  the  growth  of  the  ratoons. 


TEMPERATURE  AND  RAINFALL, 


Month  

Max. 

J"b'.  1907 81.58 

Aug.   80.29 

Sept 82.00 

Oct 80.70 

Xov 79- 10 

Dec 78.26 

Jan.,  1908 76.84 

I'^h 76.76 

March   79  30 

.\pril    76.90 

May    78.20 

J""e    78.33 

July   78. (X) 

^^^^g 7970 

Sept 80.01 

Oct 79- 10 

Xov 79.00 

Dec 7470 

Jan.,   1909 76.50 

Feb •  - -^TS^o 

Average.  ...  78.60 


Temperature 
Mill.       t 

(18.42! 
69.51     I 

(yi) .  40 
67.20  I 
65.60 
65.00  I 

6^-35 
61.97 

63.80  i 
65.60 

,  65-70 
(/>.50  , 
67.40  I 
67.23 
66.50 
63.70 
62.90 
61.30 
60.50 


RainfrtU 


65.2 


Mean 

75.00 
74.90 

75- 70 

73-95 
72.40 
71 .62 

(lC).flO 

69.36 
71.40 
70.30 
71.90 
72.01 
72.  fX) 

73.60 

73  70 
72.80 
71.40 
68.80 
68.90 
68.00 

71.9 


Kiev.  270  ft. 
4.28 
8.37 

7-85 

4-75 
6.00 
1. 81 
2. 10 
325 


I 

3- 
5- 
5- 
7- 
6. 


.91 
■24 
■23 
•59 
•7' 
•31 
5-7" 
3.18 

371 
7- 17 
365 
6.01 


Ell'V.96Uft. 


3-5° 
516 
5-25 
9-55 
8.41 

6.75 
3.10 
3.80 

11-39 
4.11 

7-36 


97.82(1*1)1 
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Ihin'cshng  of  Rafoon  Cane  on  the  Experiment  Plats. 

The  cane  on  the  middle  two  rows  of  each  plat  was  cut  and 
weighed  and  the  juice  tested  March  15  and  16,  1909. 

STATEMENTS  OF   CANE    WEIGHTS   AND  JUICE   ANALYSIS. 
SUBSTATION    C.       WEIGHTS    OE    RATOON    CANE. 


FerUlizcd         Weight 
Test         i        of 

No.  of 

Unfertilized  1  Weight 

No.  of 

Plat 

Dead 

Plat             Test           1       of 

Dead 

Area        1      Cane 

Canes 

1                            Area         '    Cane 

Canes 

I,b«. 

i             i  '•'''• 

A   I     700  sq.  ft.       823 

1 

i      B  I  :  700  sq.  ft.  1   544 

0 

A    2 

'•        '• 

915 

0 

r.  2 

•     "        630 

0 

-^   3 

..        .» 

7^^) 

2 

153 

••     •'        608 

I 

.\  4 

*•        '* 

1074 

I 

B4 

'•     "     1  ^>53 

0 

A  5 

a          it 

1230 

2 

B  5  ,      "      "        721 

3 

A  6 

it            n 

1 178 

3 

B  6        •'      •'        734 

0 

■\  7 

n            it 

774 

3 

B  7        "     "        517 

0 

A  8 

it         a 

986 

1 

15  8        ••      '•        392 

2 

A  9 

a         i. 

1228 

3 

B  9        •'      "      1  671 

I 

C  6 

M                 <• 

1023 

2 

1     D  6        •'     "      1  626 

3 

C  7 

"        "                981 

I 

!    D  7        "      "        607 

2 

C  8 

•'         •'              1000 

2 

D  8  ;      "      "        53^^ 

3 

C-  9 

"         "                680 

3 

D  9        "     "        535 

5 

C  1 

"        "         i       770 

I 

D  I        "      " 

537 

2 

C  2  1      "     "          .803 

3 

D  2        •'      " 

535 

2 

C  3        •'      "      !     613 

2 

D3 

<(          « 

403 

I 

C  4 

"        "         I       872 

2 

D4 

t<          «» 

427 

I 

C  5 

ii             i* 

1288 

_  L,  ^ 

D  5 

a         a 

524 

6 

The  areas  and  cane  weights  given  above  are  correct. 

Signed,    E.  G.  CLARKE, 
For  Experiment  Station,  H.  S.  P.  A. 
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SrnSTATlON   I>.       WEK'.ITTS  OF  RATOOX  CANE. 


Kt-rtiliztHl 

WiiKht 

No    of 

riiferlilized 

Wfitfhl 

Nt).  of 

Cliil 

Tt-Ht 

of 

Dead 

I'lHt 

Test 

(»f 

lien.l 

Arru 

M.S. 

Chiios 

_ 

A  rea 

Chiu' 

l.bs. 

1  niu"i 

A   I 

/(K^  sq.  ft. 

805 

3 

R  r 

700  sq.  ft. 

761 

3 

.\    2 

.. 

612 

2 

P.  2 

44                    4» 

586 

3 

A  3 

"         *' 

553 

0 

B3 

*'                    " 

495 

2 

A  4 

.»         »i 

()()i 

7 

B  4 

4(                     4i 

588 

9 

A  5 

i         1 

764 

7 

R  5 

; 

5" 

6 

.'v  6 

(>IO 

8 

B  6 

4(                 4i 

43' 

2 

A  7 

.. 

823 

4 

B7 

.4 

456 

3 

.\  « 

4» 

8()2 

»     i 

15  8 

4.                      .. 

503 

5 

A  9 

.4                   .. 

6r/) 

2 

B9 

1 

557 

5 

C  6 

i. 

1021 

0 

D  6 

**                      ** 

GST) 

3 

<-;  7 

"       *' 

736 

2 

D7 

.4                      4* 

448 

2 

C  8 

'•                  4. 

58() 

6 

D  8 

ti                    4i 

429  1 

I 

C,  .) 

" 

591 

2 

D9 

44                      %% 

53«; 

3 

C   I 

030 

I 

D  1 

! 

7^1 

2 

C    2 

"                   4. 

52^' 

5 

D  2 

44       »< 

588 

4 

C  3 

•  »                    44 

526 

4 

D3 

a          it 

695 

4 

C  4 

*.                     4. 

7-^i 

2 

D4 

4.          44         1 

514 

3 

<-■  5 

*'                    '* 

844 

5 

D  5 

4i                     ».                   1 

558 

2 

The  areas  and  cane  weights  given  above  are  correct. 

Signed,    E.  G.  CLARKE, 
For  Experiment  Station,  H.  S.  P.  A- 
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SURSTATION  C.      ANALYSIS  OF  JUICE  FROM    UATOON  CANE. 


Plat    I  Brix      Sucrose 


> 

I 

A 

2 

\ 

3 

,A 

4 

A 

5 

A 

6 

A 

7 

A 

8 

^ 

9 

c 

6 

c 

7 

c 

8 

c 

9 

c 

I 

( 

2 

L 

3 

( 

4 

(' 

5 

9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 

20 


17 
53 
57 
23 
63 
63 
53 
73 
83 
80 
20 
33 
03 
73 
83 
83 
63 
00 


7.60 
7.90 
7-95 
7-75 
8.30 
8.05 
7.90 
8.10 
8.60 
8.25 

7-55 
7-75 
7-15 
8.00 
8.30 
8.30 
8.25 
8.20 


Purity 

91.81 
91.65 
91.72 
92.30 
93.22 

9' -95 
91.65 

91.23 

93  80 

22.17 

91.41 

91.83 

90. 12 

91  23 

92.28 

92 .  28 

92.98 

91 .00 


Plat 


B 
B 
B 
B 
B 
B 
B 


B  8 
B  9 


D 
D 


B  8 
D9 


D 
D 
D 
D 
D 


Brix     Sucrose    Purity 


18.93 

17-25 

91 

12 

1953 

17-85 

91 

40 

19-43 

17-55 

90 

32 

19 -33 

17.70 

91 

55 

19.83 

18.25 

92 

03 

19.60 

18.15 

92 

6(5 

19.70 

18.00 

91 

37 

19.40 

17  •'IS 

90 

98 

19.97 

18.20 

91 

14 

19.97 

i8'.35 

91 

89 

19.97 

18.45 

9^ 

39 

19.50 

18.00 

92 

3' 

20.00 

18.15 

90 

75 

19.77 

18.05 

91 

30 

19.87 

18.05 

90 

85 

19.67 

17-85 

90 

75 

19.47 

17.80 

91 

42 

19.70 

18.00 

91 

37 

Signed,   A.  E.  JORDAN, 
Assistant  Chemist,  I'^xperinicnt  Station,  H.  S.  P.  A. 
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SrUSTATION  D.      ANALYSIS  OF  JllCE  FROM  RAT(X)X  CAXE. 


riat       Brix 


A 
A 
.\ 
A 
A 


I 

2 

3 
4 
5 
.\  6 

-V  7 
A  8 


C 
C 
C 

c 
c 
t 
c 
c 


19.06 
19. 16 
19.26 

19.86 
19.56 
19.76 

20.06 

20.13 

19.73 
20.50 

19.90 
20.40 

19.90 
19.90 
19.70 

119.60 
19.80 
20.20 


Sucrose 


7.20 

7.15 
7.20 

7.85 
8.00 
7.(^0 
8.05 
8.10 

7-75 
8.60 

8.10 

8-75 
8.40 
8.05 
785 
785 
7.yo 

8.35 


Purity       Plat       Brix 


90.24 
89.51 
89.30 
89.88 
92.02 

90.58 
89.98 
89.92 
89.96 
yo.73 
90.96 
91.91 
92.46 
90.70 
90.61 
91.07 
90.40 
90.84 


B 
B 
B 
B 
B 
B 
B 


B  8 
B9 


D 
D 


D  8 

D9 

D 

D 

D 

D 

1) 


9-43 
9-73 
9-93 
9-93 
9.40 
8.90 
40 
80 
90 
93 
•3 
83 
983 
9.46 
9.96 
20.06 
983 
983 


icrose 


7-35 
7.70 

7-75 
785 
7.00 
6.90 
7-35 

7.60 

7-95 
7.20 
7.90 
8.10 

765 
8.10 
8.10 
8.40 
8.20 


Purity 

89.30 

89.7' 
89.06 

89-56 
87-63 
89.42 

89-43 
8(J.I4 
88.44 
90.07 

89.91 
90.27 
91.28 

(p-70 


90 


,68 


90.23 
92-7« 
91-78 


Signed,   .\.  E.  JORD.AX. 
Assi.stant  Clieinist.  K.xj)criinciit  Station.  H.  S.  P.  •^• 


Digitized  by 


Google 


79 


DATA    FROM    TESTS    CONDUCTED    AT    SUBSTATION    C. 
YIELDS   OF    CANE    ON    THE    FERTILIZED    AND    UNFERTILIZED    PLATS. 

PLANT   CANE. 


Fertilization.   Lbs 

.  per  Acre 

.\ren  Cut 

Weiglit  "1  Oaiic.    I.b». 

Plat  No. 

Siiuare 
Feet 

NitroRen 

Pota«li 

Piios.Afid  j 

Kertil- 

Not  Fertil- 

„              4 

iT.e<l 

ized 

I 

6o 

60 

60      , 

1400 

2469 

1771 

2 

6o 

60 

90     1 

" 

2583 

1831 

3 

rx) 

90 

60     1 

1 

2227 

•558 

4 

90 

60 

60 

tt 

2727 

1750 

5 

90 

90 

60 

*• 

2769 

1937 

6 

90 

60 

90 

'* 

2807 

1767 

7 

60 

90 

90 

'* 

2607 

1819 

8 

90 

90 

90 

ii 

2467 

1648 

V 

60 

(>o 

None 

*i 

2195 

I77I 

Fertilization.    Lbs. 

RATOONS. 
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THE  INFLUENCE  OF  THE  STRUCTURE  OF 

THE  CANE  ON  MILL  WORK  IN 

SUGAR  FACTORIES. 


By  Noel  Deerr. 

INTRODUCTION. 

The  material  presented  in  the  present  bulletin  mainly  contains  a 
record  of  experimental  work  dealing  chiefly  with  the  influence  of 
the  Structure  of  the  cane  on  control,  and  on  the  extraction  of  sugar 
from  the  cane. 

The  bulletin  is  divided  into  three  parts :  in  the  first,  the  influence 
of  the  different  juices  contained  in  the  cane  on  control  work,  is 
discussed;  the  second  part  contains  an  account  of  some  experi- 
ments made  with  the  object  of  determining  the  effect  of  different 
methods,  and  introduces  the  idea  of  the  *'cnmlable"  as  opposed 
to  the  actual  extraction ;  in  the  third  part,  the  cane  is  considered 
as  composed  of  pith  and  rind,  and  the  result  of  milling  operations 
is  considered  on  these  portions  as  separate  entities. 

PARTL 

ON  ANALYTICAL  CONTROLS  OF  CANE  WEIGHTS. 

Provided  that  all  products  of  the  sugar  factory  from  the  cane 
onwards  could  be  accurately  weighed,  no  necessity  would  exist 
for  the  use  of  inferential  methods  for  their  control ;  however,  it 
is  often  the  case  that  one  or  other  of  the  measurements  relating 
to  the  control  cannot  be,  or  is  not,  made,  so  that  an  element  of 
uncertaintv  is  introduced  into  the  recorded  results.  In  addition, 
even  if  all  the  products  are  weighed  or  measured,  there  is  the 
possibility  of  error  in  the  adjustment  of  the  balances,  30  that  the 
necessity  of  some  check  is  always  present. 

An  inferential  check  on  the  weight  of  cane  is  very  important  in 
districts  where  the  cane  is  bought  from  small  planters,  or  where 
its  weight  forms  a  basis  of  payment  for  contract  laborers,  as  is 
the  case  locally. 
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As  this  table  was  constructed  when  the  Cheribon  t  cane  formed 
the  staple  variety  grown  in  Java,  it  must  be  taken  as  referring 
solely  to  this  variety,  and  it  does  not  by  any  means  follow  that 
similar  figures  will  hold  for  other  varieties,  or  even  when  the 
environment  of  the  variety  is  changed. 

Assuming,  however,  that  a  similar  condition  holds  for  local 
grown  canes  which  contain  on  an  average  12.5%  of  fibre,  the 


*  By  this  term  I  mean  all  the  juice  contained  in  the  cane.  The  term  vrhole  juice 
would  be  more  convenient,  but  this  has  been  used  in  a  somewhat  different  sense  by 
Watts  whose  work  is  referred  to  later. 

t  For  synonyms  of  this  cane  refer  to  Bulletin  No.  26. 
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factor  .85  would  be  reached  only  when  70%  of  the  weight  of  the 
cane  is  expressed  by  the  mill.  This  is  a  higher  figure  than  is 
usually  the  case  here,  and  especially  so  when  crusher  juice  is 
substituted  for  mill  juice,  as  is  frequently  the  case ;  hence,  from  a 
prima  facie  reasoning',  so  high  a  factor  as  .85  should  not  be  ex- 
pected. 

The  statement  published  annually  in  Java  showing  ''Some  fig- 
ures relating  to  Java  Sugar  Mills'*  for  the  crop  of  1908,  gives  as 
an  average  sucrose  per  cent,  in  cane  12.30,  fibre  per  cetU.  in  cane 
12.01,  and  sucrose  per  cent,  in  first  mill  juice  15.11.  This  would 
correspond  with  a  factor  of  .814.  In  a  number  of  cases  a  factor 
below  .8  is  recorded,  and  in  some  instances  it  sinks  as  low  as  .75. 
This  low  result  is,  I  believe,  to  be  ascribed  to  the  substitution  of 
new  varieties  for  the  Cheribon  cane,  the  former  containing  a 
smaller  proportion  of  parenchyma  than  the  latter.  It  is  to  this,  I 
take  it.  that  Geerligs^  refers. 

"The  strikingly  low  sugar-content  of  the  bagasse  from  several 
of  the  recently  cultivated  varieties  of  cane,  is  due  to  the  small 
proportion  of  parenchyma  in  these  canes;  in  the  bagasse,  the 
parenchyma  contains  more  water  than  do  the  vascular  bundles  or 
rind;  consequently  with  a  low  proportion  of  parenchyma,  the 
1>agasse  is  drier  and  therefore  poorer  in  sugar." 

This  fatcor  has  also  been  discussed  by  Pellet^  who,  in  Eo^pt, 
uses  the  factor  .87  to  pass  from  the  sucrose  per  cent,  of  juice 
obtained  by  treble  crushing  to  the  sucrose  per  cent,  of  cane.  In 
the  same  article  he  quotes  the  factor  .84  as  being  used  in 
Mauritius. 

It  seemed  a  matter  of  some  interest  to  determine  the  relation 
between  sucrose  in  expressed  juice  and  sucrose  in  cane  in  Hawai- 
ian grown  canes,  especially  as  very  varying  factors  are  reported 
from  mills  in  these  islands,  some  of  them  being  apparently  outside 
the  limits  of  variation  due  to  the  causes  already  cited. 

The  two  chief  varieties  now  grown  in  these  islands,  are  the 
I^haina  and  Yellow  Caledonia,  with  smaller  quantities  of  Rose 
Bamboo,  D.  117  and  the  Tio  canes.  I,  accordinefly.  made  analvses 
as  described  below  of  Lahaina  canes  from  Maui  and  Oahu,  Yellow 
Caledonia  canes  from  Oahu.  Kauai  and  Hawaii,  and  of  Rose 
Bamboo  canes  from  Oahu.    The  method  I  used  was  as  follows : 

A  single  cane  was  split  lengfthwavs  and  one-half  passed  through 
a  two  manual  three-roller  mill.  The  iuice  and  bagasse  were  col- 
lected and  the  latter  weighed ;  the  weight  of  juice  being  obtained 
by  subtraction  of  the  weight  of  bagasse  from  weight  of  cane. 
Immediately  after  weighing,  the  bagasse  was  placed  in  a  "Mason' 
jar  with  well-fitting  screw  stopper,  and  carried  to  the  laboraton'. 
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in  ail,  1  maae  analyses  oi  niiy-seven  canes  in  mis  way,  xnc 
average  result  of  each  series  being  detailed  in  the  table  below : 
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Bose 
Bamboo 


Weight 

Fibre  %... 
Juice  % . . . 
Solids  % . . 
Sucrose  %. 
^  Water  % . . 

^Weight 

Solids  % . . . 
Sucrose  %. 

L  Purity 

^  Weight 

Solids  % . . 

Sucrose  %. 

Fibre  % . . . 

L  Water  %.. 

«     f  Weight 

J|  I  Solids  %.. 
J-t  I  Sucrose  %. 

"^     [Purity 

f  Weight 

ll  1  Solids  %.. 
54]  Sucrose  %. 
"     L  Purity. . . . 

Sucrose  in  Cane 


Sucrose  in  Expressed  Juice 

Solids  in  Absolute  Juice        | 

—  I 

Solids   in    Expressed   Juice  i 


Y.  Cale- 
donia. 


100.00 

100.00 

12.53 

13.54 

87.47 

86.46 

15.05 

18.21 

13.51 

15.01 

73.75 

71.45 

64.65 

63.10 

17.59 

21.58 

16.22 

18.41 

92.21 

85.31 

35.35 

36.90 

10.60 

12.42 

8.56 

9.20 

35.45 

36.69 

53.95 

49.58 

87.47 

86.46 

17.20 

21.06 

15.51 

17.36 

90.17 

82.44 

22.82 

23.36 

16.42 

19.62 

13.26 

14.53 

81.00 

74.06 

.833 


.978 


.815 


.976 


Oahu. 

Oahu. 

Lahaina. 

Y.  Cale- 

donia. 

100.00 

100.00 

12.38. 

13.45 

87.62 

86.55 

15.75 

15.50 

13.52 

13.37 

71.87 

71.05 

65.15 

64.58 

18.38 

18.30 

16.21 

16.31 

88.03 

89.12 

34.85 

35.42 

10.86 

10.37 

8.50 

8.00 

35.47 

37.97 

53.67 

51.66 

87.62 

86.55 

17.97 

17.91 

15.43 

15.44 

85.87 

86.21 

22.47 

21.97 

16.84 

17.00 

13.16 

12.89 

78.14 

75.82 

.834 

.819 

.977 

.979 

Maui. 

Hawaii. 

Lahaina. 

Y.  Cale- 

donia. 

100.00 

100.00 

10.43 

18.72 

S9.57 

86.28 

21.05 

18.50 

18.39 

16.16 

68.52 

66.78 

68.50 

60.56 

24.14 

21.91 

21.25 

19.73 

88.03 

90.05 

31.50 

39.44 

14.27 

13.21 

12.13 

10.63 

33.19 

34.78 

62.44 

52.01 

89.57 

86.28 

23.50 

21.42 

20.53 

18.61 

87.36 

86.88 

21.07 

25.72 

21.36 

20.17 

18.15 

16.29 

84.97 

80.76 

.865 

.819 

.973 

.977 

Reference  to  the  results  of  the  analyses  beings  out  the  follow- 
ing points : 

1.  With  Lahaina  cane,  containing  10%  to  11%  of  fibre  and 
with  an  expression  of  68%  to  69%,  a  factor  of  .86  to  .87  results. 

2.  With  Lahaina  an^  Rose  Bamboo  cane,  containing  12%  to 
13%  of  fibre  and  with  an  expression  of  64%  to  66%,  a  factor  of 
.83  to  .84  results. 

3.  With  Yellow  Caledonia  cane,  containing  13%  to  14%  of 
fibre  and  with  an  expression  of  60%  to  65%,  a  factor  of  .81  to 
.82  results,  i.e.,  judged  on  a  basis  of  first  mill  juice,  Yellow  Cale- 
donia cane  is  distinctly  inferior  to  Lahaina  or  to  Rose  Bamboo. 

4.  The  residual  juice  in  Yellow  Caledonia  compared  with  that 
in  Lahaina  and  Rose  Bamboo,  is  of  distinctly  inferior  quality,  the 
expressed  juice  being  used  as  a  basis  of  comparison. 
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5.  A  very  similar  relation  between  expressed  juice  and  sucrose 
per  cent,  in  cane  holds  for  Hawaiian  canes  as  has  been  found  to 
hold  for  the  Cheribon  cane. 

Use  of  This  Ratio, — The  analyses  recorded  above  indicate 
that  the  sucrose  per  cent,  of  the  cane  is  controlled  essentially  by 
the  sucrose  content  of  the  expressed  juice,  and  this  relation 
rationally  used  (i.e.,  taking  into  account  the  fibre  in  the  cane,  and 
the  quantity  of  juice  expressed),  aflFords  a  ready  means  of  check- 
ing and  controlling  the  correctness  of  the  cane  weights,  of  the 
juice  measurements,  and  of  the  analyses.  In  Java,  also,  the  ratio 
.85,  as  referring  to  the  Cheribon  cane,  was  used  as  a  means  of 
obtaining  the  approximate  weight  of  sucrose  entering  the  factory 
until  opportunity  arrived  to  make  a  periodical  balance  of  the  actual 
amount  of  cane  worked  up. 

In  factories  where  the  amount  of  sucrose  in  cane  is  obtained 
by  working  backwards  from  the  sucrose  in  mixed  juke  and 
sucrose  in  bagasse,  a  low  ratio  will  indicate  one  of  two  things: 
either  the  recorded  weight  of  cane  is  too  high  or  the  measurement 
of  the  volume,  or  the  weight  of  the  juice  is  too  low. 

Density  of  Juice  of  the  Cane  as  a  Control, — ^The  use  of  the 
density  of  the  absolute  juice  of  the  cane,  compared  with  that  of  the 
expressed  juice  as  a  means  of  controlling  the  accuracy  of  the 
various  measurements,  was  suggested  to  me  by  Mr.  C.  F.  Eckart. 
In  order  to  use  a  scheme  based  on  this  conception,  it  became  neces- 
sary to  carefully  examine  any  relation  which  might  exist  between 
the  two.  This  was  done,  and  the  results  obtained  are  discussed 
in  the  following  lines. 

That  the  density  of  the  juice  of  the  cane  is  not  uniform,  and  that 
it  decreases  as  successive  fractions  are  expressed,  is  perfectly  well 
known,  although  the  variation  in  density  is  much  less  than  in 
sugar  content. 

I  have  found  the  following  references  on  this  matter.  Prinsen- 
Geerligs^  assumes  that  the  Brix  of  the  "normal  juice''  (with- 
out definitely  stating  that  this  is  so)  is  the  same  as  that  of  th^ 
first  expressed  juice. 

Morse^  recommends  that  the  Brix  of  the  normal  juice  com- 
pared with  that  of  the  first  mill  juice  be  obtained  by  a  dry  crushinj:^ 
trial,  and  states  that  it  is  generally  3/10  of  1°  Brix  lower  than  the 
first  mill  juice.  A  similar  method  is  prescribed  by  the  Hawaiian 
Chemists'  Association. 

Watts^  discusses  the  subject  at  some  length,  and  adopts  the 
term  whole  juice  to  include  all  the  juice  of  the  cane.  It  apoears 
that  he  assumes  (though  he  gives  details  of  an  experiment  show- 
ing the  reverse)  that  the  Brix  of  the  whole  juice  is  the  same  as 
that  of  the  first  mill,  and  also  that  all  the  juice  is  of  the  s^me  coin- 
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position  as  that  expressed.    That  part  of  his  article  dealing  with 
this  question  is  quoted  below : 

"After  careful  consideration,  the  following  conventional  manner 
of  estimating  the  amount  of  juice  has  been  adopted  at  Gun- 
thorpe's.  The  amount  of  juice  contained  in  the  total  diluted  juice 
is  calculated,  on  the  assumption  that  the  average  juice  expressed 
from  the  canes  would  have  the  specific  gravity  (or  total  solids) 
of  the  first  mill  juice,  but  would  have  the  purity  of  the  total 
diluted  juice.  The  juice  so  found  is  referred  to  as  *whole'  juice.* 
The  calculated  composition  of  the  first  mill  juice  and  the  *whole' 
juice  at  Gunthorpe's  during  the  season  1907  was  as  follows : 


First  Mill  Juice 
per  cent. 

*  Whole'  Juice* 
per  cent. 

Sucrose** 

18.51 
0.93 
1.14 

17.96 

Glucose 

0.88 

Non-Sugar 

1.74 

Total  Solids 

20.58 

20.58 

Glucose  Ratio. 

5.05 
89.09 

4.88 

Purity 

87.03 

(**Lb.  per  gallon. 


2.002 


1.942) 


*  If  desired,  the  figrnres  so  obtained  may  be  used  to  convert  the  expression  1st  mill 
juice  per  100  parts  of  fibre  into  'whole'  jaice  per  100  parte  of  fibre  by  multiplying  by 
sucrose  in  1st  mill  juice 


sucrose  in   'whole'  juice 
when  we  find,  for  example,  that  80.4  parts  of  first  mill  juice  per  100  parts  of  fibre,  as 
obtained  at  Ounthorpe's  in  1907,  are  equivalent  to  82.9  parts  of  'average'  juice. 

"This  assumption  of  the  idea  of  'whole'  juice  appears  to  be  a 
useful  one  and,  although  only  an  assumption,  it  is  very  close  to 
the  truth.  It  may  be  contended  by  some  that  the  residual  juice, 
as  we  approach  the  end  of  the  crushing  and  as  left  in  the  megass, 
will  have  a  lower  specific  gravity  than  that  expressed  in  the  earlier 
stages  of  crushing.  It  will  have  a  lower  sugar  content  and  lower 
purity,  the  amount  of  total  solids  not  falling  off  so  rapidly  as  the 
sucrose,  so  that  there  is  not  likely  to  be  a  great  difference  in  the 
specific  gravity. 


*  Weight  'whole'  juice  = 


Weight  diluted  juice  X  Brix  1st  mill  juice  t 
Brix  diluted  juice 


t  This  is  expressed  as  it  appears  in   the  original ;   evidently  a  clerical  error  has 
occurred  and  the  expression  should  be  written 

Weight  diluted  juice  X  Brix  diluted  juice 
Brix  Ist  mill  juice 
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"There  appears  to  be  but  a  small  amount  of  information  avail- 
able in  order  to  settle  the  question  as  to  the  specific  gravity  of 
the  residual  juice.  Some  years  ago,  the  megass  from  a  small 
Chatanooga  mill  was  submitted  to  pressure  in  a  hydraulic  press. 
This  mill  expressed  about  65  per  cent,  of  the  weight  of  the  cane 
in  the  form  of  juice,  and  the  hydraulic  press  (which  was  of  con- 
siderable power)  expressed  a  further  quantity  of  about  6  per 
cent.*  The  specific  gravity  of  the  mill  juice  and  the  press  juice 
was  noted  amongst  other  points.  On  referring  to  these  figures, 
it  is  found  that  the  average  specific  gravity  of  fifty  samples  of 
mill  juice  was  1.07047,  while  the  average  specific  gravity  of  the 
press  juice  was  1.06773 — a  difference  of  .0037.  Now,  as  the  mill 
juice  was  about  ten  times  the  quantity  of  the  press  juice,  the  low- 
ering of  the  average  specific  gravity  by  the  admixture  of  the 
residual  (press)  juice,  would  be  almost  negligible  in  ordinary 
factory  calculations. 

"This  convention  is  here  adopted  and  is  recommended  for  use 
in  making  comparisons  of  the  kind  dealt  with  herein. 

"It  may  be  pointed  out  that  attempts  to  ascertain  the  amount 
of  juice  by  weighing  the  megass  and  deducting  the  weight  from 
the  weight  of  cane  are  futile,  seeing  that  where  maceration  is  em- 
ployed the  weight  of  the  megass  will  be  some  5  per  cent,  above 
the  true  weight  in  consequence  of  its  retaining  some  maceration 
water. 

"It  may  again  be  stated  that  comparisons  o^f  mill  work  on  the 
basis  of  first  mill  juice  retained  in  the  megass,  per  100  parts  of 
fibre,  are  free  from  all  these  uncertainties ;  the  only  difficulty  being 
that  of  obtaining  representative  samples  of  megass — a  difficulty 
not  very  great  in  large  factories  but  very  great  under  the  condi- 
tion of  the  muscovado  industry." 

The  term  whole  juice  is  very  convenient,  but  as  used  by  Watts, 
it  is  not  what  I  have  in  mind,  so  I  use  the  term  absolute  juice  of 
the  cane  meaning  by  this  every  thing  which  is  not  left  behind  on 
extraction  with  water,  and  thus  including  protoplasm,  the  colloid 
water  of  Geerligs,  and  the  water  other  than  juice  of  Watts. 

The  experiment  method  of  determining  the  density  of  the 
absolute  juice  of  the  cane  has  been  given  on  page  7.  and  the  re- 
sults have  been  set  out  on  page  9.  From  a  study  of  these  re- 
sults (the  average  of  fifty-seven  analyses)  the  following  statement 
can  be  made : 

The  ratio  between  the  total  solids  per  cent,  of  the  absolute  juice 
of  the  cane  and  that  expressed  by  the  first  mill  lies  between  .97 


*  See    (1)    Supplement   to   Leeward   Islands   Oazftte,    Aueust    27.    1896,    and    (2> 
Report  on  the  results  obtained  on  the  Experimental  Fields  at  Skerrett's,  Anti^a,  1897. 
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and  .98,  and  this  ratio  is  the  same  for  at  least  th^ee  varieties  of 
cane  with  fibre  content  varying  from  10%  to  14%. 

Having  obtained  this  ratio,  I  now  proceed  to  develop  its  appli- 
cation to  the  sugar  house  control  as  follows : 

Let  f  be  the  fiber  in  the  cane ;  m  be  the  fiber  in  the  bagasse ; 
Be,  Bj,  Bm  be  the  degree  Brix  or  total  solids  %  in  the  absolute 
juice,  mixed  juice,  and  residual  juice  in  bagasse,  all  expressed 
per  unit  weight. 

Let  the  weight  of  canes  be  unity;  and  the  weight  of  mixed 
juice  be  a ;  then  from  well  known  equations  the  weight  of  bagasse 

is  —  and  the  weight  of  juice*  in  the  bagasse  is  —  (l-m).     The 
m  m 

f 

total  weight  of  juice  is  then  a  H (1 — m).    The  solids  in  the 

m 
total  weight  of  juice  are 

a    Bj  +    -j^    (l-m)  Bm 

and  the  total  solids  per  unit  of  juice  are 

a       Bi     + (1  -  ni)     Bm  r,  .      r   /l         \     n 

^  m       ^         ^      "^    _   a    Bj  m  +  f  (l-m)   Bm 


a  +  -^-(l-  m)  a    m  +  f(l-ni) 

m 

The  water  added  per  unit  of  juice  in  the  cane  is  then 

_         a  Bj  m    ^  f  (1  -  m)  Bm 

_!__  a  m  +  Ml  -  m) 

a  Bj   m   +  f  (1  -  m)  Bm "" 

am   +  f  (1  -  m) 

a  Be   m    +  f  Be  -  f  m  Be  -  a  Bj   m  -  f  Bm  -i-   f  m  Bm 
a  Bj   m  +  f  Bm  -  f  m    Bm 

•    Let  this  expression  be  denoted  by  P,  the  weight  of  juice  is 
1 — f ;  hence  the  total  weight  of  added  water  is  (1 — f)  P. 
Hence  from  the  equation 

(Jane  -f-  water  =:  mixed  juice  +  bagasse 

f 
1   -f   (1-f)  P  =  a  -h  — 
ni 
A  numerical  example  will  make  clear  the  application   of  this 
equation.     The  following  analytical  data  (expressed  per  unity) 
were  found: 


*  That  18  to  say  dilute  juice  and  not  normal  juice. 
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Be  =  .209  (i.  e.,  20.9  Brix);  f  =  .119;  m  =  .487;  Bj  =  .190; 
Bm  =  .088;  hence  — ^  =  .2443:  and  1  -  f  =  .881. 

.0092  a  +  .0074 

From  these  quantities  P  is  found  to  be  

.0925  a  -h  .0053 

.0092  a  +  .0074 

Whence  1  +  .881  =  a  +  .2443 

.0923  a  -h  .0053 

Solving  this  equation,  a  is  found  to  be  .9087,  that  is  to  say,  the 
weight  of  mixed  juice  is  90.87%  per  100  cane. 
Then  from  the  relation 

Canes  -f-  water  =  mixed  juice  +  bagasse 

1        +       w     =        .9087         -h     .2443 
or  water  =.1530,  i.  e.,  the  water  added  in  maceration  is  15.30 
per  100  cane. 

Hence  if  the  density  of  the  absolute  juice  of  the  cane  be  known, 
then  with  analytical  data  only,  all  the  essential  mcasuren,ents  con- 
nected with  mill  control  can  be  expressed  in  terms  of  cane ;  and 
if  either  the  weight  of  cane,  of  bagasse,  of  mixed  juice  or  added 
water  be  known,  all  the  other  quantities  can  be  calculated. 

I  do  not,  however,  suggest  that  an  inferential  method  should 
in  any  way  supplant  the  use  of  direct  weighing  or  measurements, 
but  rather  suggest  the  use  of  this  equation  as  a  means  of  check- 
ing the  accuracy  and  correctness.  So  far  as  this  is  concerned,  I 
am  of  opinion  that  a  valuable  check  is  given  by  comparing  the 
total  solids  per  cent,  in  expressed  juice  with  that  of  the  absolute 
juice  of  the  cane,  and  in  the  light  of  the  determination  here  re- 
corded, I  think  I  am  justified  in  saying  that  the  ratio  should  lie 
close  to  the  figure  .977,  and  that  any  big  variation  from  this  indi- 
cates an  error.  To  obtain  this  quantity,  the  total  solids  in  the 
bagasse  must  be  accurately  determined.  The  method  prescribed 
by  the  Hawaiian  Chemists'  Association,  namely,  of  spindling  the 
bagasse  extract,  introduces  too  great  a  percentage  error  of 
observation ;  and  the  method  which  I  have  tested  and  found  satis- 
factory, is  mainly  that  already  described  on  page  8.  I  would 
suggest  that  this  determination  be  made  periodically  on  the  accu- 
mulated samples  of  bagasse  used  for  the  determination  of  mois- 
ture which  should  be  preserved  in  air-tight  jars  after  drying. 
I  have  found  those  known  as  **Mason  jars**  quite  satisfactory, 
and  dry  bagasse  can  be  preserved  in  them  for  indefinite  periods 
without  change.  A  subsample  of  20  grams  or  so  of  dry  bagasse 
representing,  say,  a  week's  work,  may  then  be  extracted  in  a 
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Soxhlet  apparatus,  the  extract  concentrated  to,  say,  50  cc,  and 
the  total  solids  determined  therein  by  the  ref  ractometer ;  an  exam- 
ple of  the  method  of  calculation  follows. 

Average  water  per  cent,  in  bagasse  47.0;  20  grams  of  dry 
bagasse  afforded  an  extract  which  on  concentration  to  50  cc,  gave 
a  reading  of  1.3364  at  28°  C.  in  the  ref  ractometer  equivalent  to 
3%  of  solids.    The  total  solids  per  cent,  in  the  dry  bagasse*  are 
50  X  3.00  X  1.047 

=  7.59% 

20 

The  total  solids  in  the  original  bagasse  containing  47%  water  are 
100  —  47 

7.59  X  =  4.02. 

100 
and  the  total  solids  per  cent,  in  residual  juice  are 

100  X  4.02 

=  7.88. 

47  -h  4.02 

The  Effect  of  Pluming. — Pluming  is  a  process  almost,  if  not 
entirely,  confined  to  the  Hawaiian  Islands.  Naturally,  the  points 
discussed  above  refer  solely  to  road  transported  cane.  Owing  to 
the  flume  water  carried  in  with  the  cane,  the  first  expressed  juice 
is  diluted  and  the  value  of  the  expressions 
Sucrose  %  in  cane 


Sucrose  %  in  first  mill  juice 
and 

Solids  %  in  absolute  juice 


Solids  %  in  first  mill  juice 
tend  to  increase. 

From  figures  regularly  supplied  to  this  Station.  I  have  calcu- 
lated for  mills  fluming  cane  the  two  ratios  discussed  in  this  article. 
As  an  average  I  find  that  for  Yellow  Caledonia  flumed  cane 

Sucrose  in  cane 

=  .82  —  .83 

Sucrose  in  first  expressed  juice 
and 

Total  solids  in  first  expressed  juice 

=  .99  —  1.00 

Total  solids  in  absolute  juice 
Under  the  conditions  of  flumings,  no  very  constant  ratio  could 
be  expected ;  and  if  this  reasoning  is  to  be  applied  to  flumed  cane, 
I  think  it  would  be  necessary  to  actually  determine  the  latio  ex- 
perimentally from  time  to  time,  either  in  a  hand  mill  with  small 
cjuantities  of  cane,  or  in  the  factory  mill  by  nmning  without  water 
long  enough  to  obtain  the  necessary  samples. 

*  3,90°  Brix  corresponds  to  1.0117  specific  gravity  which  may  without  sensible 
error  be  taken  as  the  specific  gravity  of  the  solution. 
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PART  IL 


SOME  EXPERIMENTAL  STUDIES  ON   THE   MILLING  OF  CANES. 

With  the  object  of  obtaining  some  information  in  regard  to  the 
economics  of  the  extraction  of  juice  by  milling,  it  was  thought 
that  light  might  be  thrown  on  certain  points  by  the  carrying  out 
of  definite  trials  under  factory  conditions  supplemented  by  experi- 
ments with  a  small  hand  mill.  Certain  trials  made  with  this  object 
are  described  below,  the  points  chiefly  considered  being : 

1.  A  comparison  of  nine-  and  twelve-roller  mill  woik. 

2.  The  determination  of  the  extraction  at  each  mill. 

3.  Comparative  trials  with  hot  and  cold  water. 

4.  Comparative  trials  with  and  without  the  return  of  dilute 
juice. 

5.  The  effect  of  increasing  extractions  on  the  amount  of 
available  sugar  extracted. 

Nine-Roller  Mill. — The  results  which  are  given  below  were 
made  in  a  nine-roller  mill  and  crusher  of  recent  construction,  the 
rollers  being  of  size  34''5c78".  During  the  tests  it  was  grinding  at 
the  rate  of  35  to  37  short  tons  of  cane  per  hour.  The  cane  milled 
was  Lahaina,  and,  judging  from  the  uniformity  of  the  samples 
obtained  from  the  crusher  rolls,  cane  of  even  quality  was  milled 
during  the  whole  series  of  experiments.  The  following  four 
methods  of  applying  maceration  water  were  carried  out : 

a.  Hot  water  before  last  mill  with  return  of  third  mill  juice 
before  second  mill. 

b.  Hot  water  before  last  mill  with  no  return  of  third  mill 
juice. 

c.  Cold  water  before  last  mill  with  return  of  third  mill  juice 
before  second  mill. 

d.  Hot  water  before  both  second  and  third  mills  and  no  return 
of  diluted  juice. 

In  conducting  these  trials,  the  method  used  was  to  systematic- 
ally sample  and  analyze  the  bagasse  comine  from  each  mill.  In 
order  to  obtain  samples  from  the  second  mill,  the  supply  of  water 
or  of  juice  in  front  of  this  mill  was  shut  off  for  a  penod  long 
enough  to  take  a  sample.  At  the  same  time  samples  of  the  juices 
were  taken  half  hourly.  Each  trial  lasted  about  eight  hours. 
Two  trials  were  made  of  the  two  first  mentioned  methods,  and 
one  only  in  the  last  two.    The  fibre  in  cane  has  been  taken  from 
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the  routine  analyses  of  the  week  during  which  these  analyses  were 
made.  The  samples  of  bagasse  were  analyzed  by  the  method  of 
hot-aqueous  .digestion,*  and  care  wteis  taken  to  finely  divide  the 
samples.  The  fibre  in  the  bagasse  as  entered  up  must  be  regarded 
as  only  approximately  accurate.  It  has  been  determined  by 
accepting  a  purity  of  85,  80  and  70  in  the  residual  juices  in  the 
first,  second  and  third  mill  bagasses ;  and  because  of  this  approxi- 
mate nature  of  the  determination,  it  is  only  expressed  m  whole 
numbers. 

These  analyses  aflford  means  of  calculating  the  total  extraction 
at  each  mill  from  the  formula  f 

fibre  in  cane  sucrose  in  bagasse  x  100 

Extraction  =  100 x 

fibre  in  bagasse  sucrose  in  cane 

whence  subtracting  that  obtained  by  the  previous  mill  or  mills, 
the  extraction  at  any  one  mill  is  obtained.  The  results  obtained 
are  set  out  in  tabular  form  in  Table  I,  where  is  given  the  analyses 
of  the  cane,  bagasse  and  juice  from  each  mill  and  the  extraction 
at  each  mill  of  the  series. 

To  obtain  the  amount  of  sugar  in  the  canes  I  made  a  trial  of 
half  an  hour's  duration  with  dry  crushing;  the  crusher  juice, 
mixed  juice  and  bagasse  were  carefully  sampled  over  this  period 
and  analyzed ;  these  analyses  combined  with  a  knowledge  of  the 
fibre  in  cane  give  data  to  calculate  the  per  cent,  sugar  in  cane 
whence  a  ratio  converting  sugar  in  cane  and  sugar  in  crusher  juice 
follows ;  this  ratio  I  found  for  this  particular  mill  and  canes  to  be 
.840. 

On  examining  these  results  it  is  noticed  that  the  highest  extrac- 
tion is  obtained  when  a  system  of  compound  saturation  is  fol- 
lowed. The  lowest  result  is  obtained  when  all  the  water  is  added 
before  the  last  mill ;  and  an  intermediate  result,  when  the  water 
is  divided  before  the  second  and  third  mills.  . 

Although  it  was  attempted  to  keep  the  dilution  constant 
throue:hout  the  series,  considerablv  more  water  was  used  in  the 
tests  with  single  and  with  divided  addition  of  water.  In  com- 
paring: results,  this  point  should  be  remembered,  since  it  accentu- 
ates the  differences  observed  between  the  results  obtained  from 
the  different  methods. 

Between  the  use  of  hot  water  and  cold  water,  little  difference,  if 
any,  is  to  be  found.  The  very  small  advantage  in  favoi  of  hot 
water  is  perhaps  accounted  for  by  the  slightly  higher  dilution. 


*  I  am  aware  that  this  method  has  been  strongly  objected  to,  and  Zammaron's 
method  is  often  recommended.  In  mv  opinion,  however,  thp  bulk  of  the  evidence  is  in 
favor  of  the  direct-aqueous  digestion,  giving  accurate  results. 

t  This  method  should  be  known  as  Icery's;  it  was  first  given  by  him  in  1869  in 
his  classic  memoir  "R^cherches  sur  le  jus  de  la  canne." 
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TABLE    I. 
Results  obtained   with  9-Boller  Mill. 


8    fPi 


Fibre  % . . . 
Sucrose    % 


«.  I  r  Sucrose  % . 
a  |J  Water  ^r . . . 
^i  [Fibre  %... 


1 


Pi 


Sucrose    % . 

ater  <?^ . . . 
Fibre   %... 


Sucrose    % . 

ater  % . . . 

Fibre  % . . . 


Hot  water 

with  return 

of  dilute 

Juices. 


11.4 
16.40 

10.09 
52.20 
36. 

6.90 
48.90 
41. 

4.37 
49.23 
45. 


Hot  water 

at  3rd  Mill 

only. 


11.4 
16.47 

9.90 
53.20 
36. 

7.94 
47.40 
43. 

4.75 
47.96 
45. 


Cold  water 

with  return 

of  dilute 

Juices. 


11.4 
16.31 

9.98 
53.11 
36. 

7.09 
49.45 
40. 

4.48 
48.63 
45. 


Hot  water 
at  2nd  and 
3rd  Mills. 

11.4 
16.51 

10.20 
53.07 
36. 

7.40 
48.15 
43. 

4.60 

48.87 
45. 


Brix 

Sucrose  Brix 

Sucrose 

Brix 

Sucrose  Brix  'Sucrose 

% 

% 

%      '            ,      % 

r  Crusher. 

20.9 

19.52  !  21.1 

19.61 

20.8 

19.42      21.1 

19.64 

i\ 

Mill  I... 

20.7 

19.12      20.7 

19.20 

20.9 

19.40   ,  21.0 

19.24 

**      II.. 

10.6 

8.78      18.1 

15.66 

8.4 

6.99   i     8.95       7.83 

*'      III. 

3.9 

3.15        3.9 

3.16 

3.6 

2.89        3.7         2.93 

[Mixed... 

15.6 

14.30      14.9 

13.69 

15.9 

14.34      15.0       13.78 

Dihitinn 

33.9 
80.50 
7.83 
4.92 

41.62 

81.02 

6.81 

4.89 

30.8 
80.63 
5.42 
7.08 

40.6 

M 

r  Crusher  and  Mill  I . 
Mill  II     

79.95 
6.97 

.8 

*<      III 

6.89 

« 

1 

^  Total 

93.25 

92.72 

93.13 

92.94 

Twelve-Roller  Mill. — In  a  twelve-roller  mill,  of  similar  size 
and  construction  to  the  nine-roller  mill,  I  made  a  series  of  trials 
with  hot  water  and  with  cold  water,  the  system  of  saturation 
being  as  follows :  Water  was  applied  before  the  fourth  mill ;  the 
fourth  mill  juice  was  returned  in  front  of  the  third  mill;  the 
third,  in  front  of  the  second ;  and  the  second,  in  front  of  the  first 
on  to  the  canes  coming  from  the  crusher,  the  juice  going  to  the 
boiling  house  being  taken  from  the  crusher  and  from  the  first  mill. 
As  w^ith  the  nine-roller  mill,  the  sugar  in  the  canes  was  deter- 
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mined  by  use  of  a  ratio  connecting  sucrose  in  cane  and  sucrose  in 
expressed  juice.  In  this  case  a  ratio  of  .835  was  experimentally 
found.  The  fibre  used  in  the  calculation  is  that  found  as  a  weekly 
average  in  the  routine  analyses.  The  results  of  the  trials  are  set 
forth  in  Table  II.  The  comparison  of  the  effect  of  hot  water 
and  of  cold  water  leads  to  the  same  result  as  was  obtained  with 
the  nine-roller  mill ;  namely,  that  either  is  equally  efficient. 

TABLE   II. 

Results  obtained  with  12-Roller  Mill. 


Hot  water 

with  return 

of  dilute 

Juices. 


Cold  water 

with  return 

of  dilute 

Juices. 


Hot  water 
at  3rd  and 
4th  Mills. 


j{ 


I 


{ 
l{ 

{ 


Fibre  % . . 
Sucrose  % 

Sucrose  % 
Water  %., 
Fibre  %.. 

Sucrose  % 
Water  %. 
Fibre  % . . 

Sucrose  % 
Water  % . 
Fibre  % . . 

Sucrose  % 
Water  %. 
Fibre  % . . 


10.4 
17.35 

11.89 
56.10 
30. 

9.40 
49.66 
38. 

7.14 
47.18 
43. 

4.90 
47.27 
45. 


10.4 
17.55 

11.87 
56.07 
30. 

9.03 
50.71 
38. 

7.38 
48.13 
43. 

4.82 
47.63 
45. 


10.4 
17.72 

11.14 
54.75 
31. 

8.23 
46.75 
43. 

5.30 
49.65 
44. 

4.40 
44.38 
50. 


Sucrose 

Sucrose 

Sucrose 

Brix 

% 

Brix 

% 

Brix 

% 

r  Crusher . . 

22.35 

20.77 

22.66 

20.90 

23.20 

21.12 

Mill  I.... 

19.56 

16.44 

19.83 

16.87 

17.80 

15.58 

8 

*'      II... 

18.30 

15.08 

18.94 

15.66 

13.20 

11.22 

i^ 

'*      III. 

14.70 

11.75 

14.35 

11.38 

10.45 

8.40 

''       IV.. 

9.55 

7.47 

9.73 

7.62 

7.70 

5.57 

[Mixed.... 

20.00 

17.47 

20.32 

17.88 

18.35 

15.95 

Dilution 

r  Crusher  and  Mill   I 

11.7 

76.2 

9.0 

4.9 

3.4 

11.5 

76.6 

8.9 

4.3 

3.8 

26.4 
78.9 

m 

Mill  II 

9.8 

*<      III 

4.1 

a  " 

<  <       IV 

2  0 

a 

J 

^  Total 

93.5 

93.6 

94.8 
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1  also  made  a  series  of  trials  with  the  use  of  hot  waier  before 
l)oth  third  and  fourth  mills,  returning  the  fourth  mill  juice  in 
front  of  the  second  mill,  and  the  third  mill  juice  in  front  of  the 
tirst  mill,  and  taking  juice  to  the  boiling  house  from  the  crusher, 
first  mill,  and  second  mill.  The  results  of  the  trials  are  given 
alongside  the  others ;  but,  unfortunately,  they  are  not  very  suited 
for  comparison,  since,  judging  from  the  analyses  of  the  bagasse 
during  these  trials,  the  mill  as  a  cnishing  machine  was  perform- 
ing better  than  during  the  others.  A  much  larger  quantity  of 
water  was  also  used  in  these  trials,  as  it  was  not  found  practical 
to  efficiently  divide  the  very  moderate  quantity  of  wa*^er  which 
was  used  in  the  other  trials. 

Comparison  of  Xinc-  and  Tzcelre-Roller  Results. — One  cf  my 
objects  in  making  these  trials  was  to  obtain  some  basis  of  com- 
parison of  nine-  and  twelve-roller  mill  work,  and  I  selected  these 
two  mills  for  this  purpose,  as  each  is  of  the  same  size  and  grinds 
cane  very  similar  in  composition.  The  results  of  the  trials,  using 
tlie  averages  of  hot  and  cold  water  compound  maceration  as  a 
basis,  are  set  out  diagramatically  in  Fig,  i,  the  chief  points  of 
difference  are  the  much  greater  extraction  at  the  first  mill  in  the 
nine-roller  set.  This  is  of  course  due  to  the  much  larger  quantity 
of  cane  treated  in  the  twelve-roller  set,  50  tons  per  hour  as  against 
35.  The  return  of  the  second  mill  juice  in  front  of  the  first  mill 
did  not  appear  to  have  much  effect,  and  this  point  is  referred  to 
later. 

At  the  second  mill  the  extraction  at  the  nine-roller  set  is  still  in 
advance  of  the  corresponding  position  in  the  twelve-roller  mill  set. 
although  the  difference  is  lessened.  This  is  the  result  that  would 
naturally  follow  from  the  less  extracted  material  offertd  to  the 
second  mill  in  the  case  of  the  twelve-roller  set.  The  extraction 
at  the  third  mill  is  ver\'  nearly  equal  in  both  instances ;  and  finally, 
the  extraction  at  the  last  mill  of  the  twelve-roller  set  allows  the 
latter  to  pass  that  obtained  at  the  nine-roller  set. 

Allowing  for  difference  in  fiber  content,  these  trials  lead  to  the 
conclusion  that  a  twelve-roller  set  treats  50  tons  of  cane  per  hour 
as  efficiently  as  a  nine-roller  set  treats  35  tons  with  a  dilution, 
however,  of  only  12%  compared  with  one  of  34%. 

To  my  mind,  the  salient  point  of  these  trials  is  the  great 
economy  effected  in  operation  of  the  twelve-roller  set,  due  to  a 
greater  quantity  of  cane  milled ;  and  in  the  volume  of  juice  to  be 
treated,  due  to  the  less  water  necessary  to  obtain  equally  good 
results.  In  order  to  see  the  effect  of  decreasing  the  water  in  a 
nine-roller  mill,  I  made  similar  trials,  the  results  of  which  given 
in  Table  III  below  show  in  these  trials  that  that  quantity  of  water 
which  in  a  twelve-roller  mill  gives  an  extraction  considered  satis- 
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factory,  in  a  nine-roller  mill  gives  very  inferior  results.  Refer- 
ence to  the  results  already  tabulated  shows  that  this  result  is  due 
to  the  combined  effect  of  the  last  two  units. 

TABLE    III. 

Results  obtained  in  a  Nine-Roller  Mill  with  moderate  dilution  and  re- 
turn of  diluted  juice: 


H 


Fibre    % 11.4 

Sucrose    % 16.21 


a    r  Sucrose    % 8.70 

S  J  Water    % 51.7 

^    [Fibre    % 37. 

g    foucrose    % 6.10 

a  ^  Water    % 46.3 

S    [Fibre    % 45.0 


i- 

Crusher  

Mill   I 

**      II 

**       III 

.Mixed    

Dilution 

Brix. 
.      20.9 
.     20.7 
.     16.5 
.      10.0 
.     18.5 

Sucrose  % 
19.29 
18.67 
13.64 
8.34 
16.42 

.      11.0 

? 

r  Crusher,  Mill  I  and  Mill  II.  . 

83.5 

Mill     III 

7.0 

Total    

90.5 

The  Effect  of  a  High  Extraction  on  the  Sugar  Available, — A 
point  which  is  frequently  raised  is,  What  is  the  effect  of  a  high 
extraction  on  the  purity  of  the  mixed  juice?  i.e.,  on  the  amount  of 
sugar  capable  of  being  obtained.  Comparison  of  the  results  of  a 
number  of  mills  shows  that  there  is  no  sudden  drop  in  the  purity 
as  the  extraction  increases,  and  that  the  decrease  of  purity  of  the 
mixed  juice  with  each  increment  of  extraction  is  probably  small 
and  regular.  Hence  a  determination  of  purity  and  extraction  at 
two  points  in  the  neighborhood  of  an  extraction  of  90  should 
allow  the  decrease  in  purity  as  the  extraction  increases  to  be  cal- 
culated for  intermediate  points.  The  two  datum  marks  I  selected 
were  dry  crushing  and  an  extraction  of  about  93  to  94  as  obtained 
in  the  ordinary  routine.  The  average  of  a  number  of  determina- 
tions gave  the  following  results : 
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With  crusher  juice  of  92.58  purity  and  an  extraction  of  93.5, 
the  purity  of  the  mixed  juice  was  87.64.  With  crusher  juice  of 
92.87  purity  and  an  extraction  of  87,  the  purity  of  the  mixed  juice 
was  88.65. 

In  a  second  trial  in  a  nine-roller  mill,  using  water  only  at  the 
third  mill,  I  obtained  somewhat  different  results  which  are  ex- 
pressed as  under. 

With  crusher  juice  of  93.90  purity  and  an  extraction  of  88,  the 
mixed  juice  was  of  purity  92.55  and  of  purity  90.51  with  an  ex- 
traction of  93. 

Taking  the  average  of  these  results  an  extraction  of  93  may  be 
.  considered  as  corresponding  with  a  purity  of  89.0,  and  one  of  87 
with  a  purity  of  90.6;  then  by  interpolating  values  the  following 
table  is  readily  constructed : 

Extraction.  Purity. 

87  90.6 

88  90.4 

89  90.1 

90  89.8 

91  89.6 

92  89.3 

93  89.0 

94  88.8 

95  88.5 

These  purities  may,  for  a  rough  preliminary  calculation,  be 
taken  as  directly  proportional  to  the  sugar  value  of  the  juices  so 
that  increasing  the  extraction  from  90  to  95  does  not  increase  the 

95  88.5 
available  sugar  in  this  ratio,  but  rather  in  the  ratio  —  x 

90       89.3 

or  4.6%,  instead  of  5.5%,  as  calculated  from  the  extraction  alone. 

Owing  to  the  continually  decreasing  purity  of  the  unexpressed 
juice,  the  extractions  reported  really  imply  that  more  available 
sugar  has  been  extracted  than  the  percentage  on  the  total  indi- 
cates. Thus  for  the  nine-roller  mill,  at  which  I  made  trials,  I 
estimate  as  under,  using  as  a  basis  the  average  results  obtained 
with  hot  and  cold  water  with  return  of  diluted  juices. 

The  combined  crusher  and  first  mill  juice  was  of  purity  93  and 
contained  80.5%  of  the  sugar  in  cane.  The  juice  coming  from  the 
second  mill  contained  6.6%  of  the  sugar  in  cane  and  was  of 
purity  83.  That  coming  from  the  last  mill  was  of  purity  80  and 
contained  6%  of  the  sugar  in  the  cane.  The  complete  analyses  of 
bagasse  made  for  another  purpose  and  discussed  subsequently 
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would  indicate  a  purity  of  about  70  for  the  residual  juice.    Taking 

s  (j  — m) 

refuse  molasses  at  45  true  purity  from  the  use  of  the  

J  (s  — m) 

formula  J  these  juices  are  of  value  approximately  proportional  to 
96,  85,  81,  (^}.  Hence  the  relative  values  of  the  different  juices 
are: 

Crusher  and  first  mill 96  x  80.5  =  74.8 

ScHSond    mill 85  x     6.6  =    5.6  i^  85.2 

Third  mill   81  x     6.0  =    4.8 

Unexpressed  juice   66  x     6.9  =    4.5 

89.7 

and  the  economic  extraction,  taking  into  account  the  decreasing 

85.2  X  100 

fmrity  of  the  unexpressed  juice,  is  =  95.0   where  actu- 

89.7 
ally  only  93.1%  of  the  sugar  has  been  extracted,  and  the  propor- 
tional extraction  at  each  mill  is 

First  mill   83.4% 

Second  mill    6.3% 

Third  mill   5.3% 

Unexpressed  juice 5.0% 

As  these  experiments  gave  only  two  points  by  which  to  judge 
the  effect  of  increasing  extraction  on  the  amount  of  sugar  avail- 
able, I  made  a  series  of  experiments  crushing  cane  in  a  two 
manual  hand  mill.  The  mill  was  a  three-roller  mill  with  rollers 
5"x4"  and  had  the  rollers  adjusted  by  set  screws  passing  through 
the  head  stocks.  The  mill  was  then  essentially  a  rigid  mill :  and 
as  the  experiment  showed,  I  was  able  to  obtain  a  ^'crushing*' 
judged  by  the  fibre  content  of  the  bagasse,  comparable  in  every 
way  with  that  obtained  by  large  mills  on  the  factory  scale.  In- 
deed, the  bagasse  finallv  obtained  was  more  disintegrated  and  pul- 
verized than  that  obtained  in  most  mills.  In  conducting  the  ex- 
periments detailed  I  elow.  one  kilo  of  cane  split  into  strips  was 
passed  three  times  through  the  mill  increasing  the  thickness  of 
the  feed  at  each  operation.  After  the  third  crushing,  when  about 
C)S%  of  juice  had  been  obtained,  about  100  grams  of  water  wa.> 
distributed  over  the  bagasse  which  was  then  again  crushed.  This 
operation  was  done  in  all  five  times,  the  expressed  diluted  juice 
being  collected  seoarately  at  each  crushinsf.  The  bagasse  was 
finally  weighed  and  analyzed.  In  this  wav  eicfht  fractions  of  juice 
were  collected,  the  analyses  of  each  fraction  being  as  below : 
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TABLE  IV. 


Fraction. 

Weight 
%  Cane. 

1 

34.7 

2 

16.0 

3 

13.0 

4 

9.8 

5 

11.3 

6 

10.0 

7 

12.0 

8 

11.6 

Bagasse . 


28.0 


Total 
Solids  % 

19.10 

19.20 

19.04 

13.22 

7.22 

5.50 

4.00 

2.86 

2.05 


Sucrose  %       Purity. 


17.71 

17.23 

16.70 

11.64 

6.01 

4.44 

3.16 

2.17 

1.33 


92.7 
89.7 
87.7 
88.0 
83.2 
80.8 
79.0 
75.9 
65.0 


Value  of 
8  (j  — m) 

j  (s  — m) 


xlOO 


I 


95.5 
92.6 
90.4 
90.7 
85.3 
82.3 
79.9 
75.7 
57.3 


Referring  to  the  above  table,  which  represents  the  mean  re- 
sult of  a  series  of  experiments,  the  decreasing  purity  of  each  suc- 
cessive fraction  of  juice  is  well  shown,  except  at  the  fourth  frac- 
tion where  an  increase  over  the  third  is  noticed.  This  increase, 
obtained  in  all  the  experiments,  is  not  due  to  accident  or  error. 
The  third  fraction  was  obtained  under  very  heavy  pressure,  and 
probably  contained  much  rind  tissue  juice.  The  fourth  fraction 
was  the  first  obtained  by  adding  water  to  the  bagasse,  and  prob- 
ably consisted  largely  of  pith  tissue  juice  (which  had  remained 
unexpressed),  to  the  exclusion  of  rind  tissue  juice  as  the  rind  had 
not  yet  been  sufficiently  broken  up  to  take  up  its  proportion  of 
water. 

As  the  purity  decreases  so  also  does  the  amount  of  available 
sugar  contained  in  a  quantity  of  juice.    The  percentag'^  of  avail- 
able sugar  in  each  fraction  has  been  calculated  from  the  formula 
s  (j  — m) 

available  sugar  = where  s  is  the  purity  of  the  sugar, 

j  (s  — m) 
j  of  the  juice,  and  m  of  the  molasses,  giving  to  s  the  value  .975, 
m  the  value  .45,  and  taking  for  j  the  observed  purities ;  hence  the 
product  of  the  extraction  into  the  corresponding  value  of  the 

j  (s  — m) 
expression gives  the  amount  of  available  sugar  obtained 

s  (j  — m) 
at  that  operation.     In  the  table  I  give  the  extraction  at  each 
8  (j  — m) 

operation,  the  value  of and  the  product  of  these  two 

j  (s  — m) 
quantities,  or  the  amount  of  sugar  available  at  each  opeiation  per 
100  suo^ar  in  cane.  Referring  to  this  table,  it  appear^i  that  of 
the  43.2  parts  of  sugar  per  100  sugar  in  cane  obtained  at  the  first 
operation,  41.3  are  available:  of  the  4.7  parts  obtained  at  the  fifth 
operation,  4.0  are  available;  and  of  the  2.6  parts  left  in  the 
bagasse,  only  1.5  are  available. 
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TABLE  V. 

Sucrose 

ob- 

Value  of 

tained  i>ei 

•  100 

8(j 

-m) 

Product  of 

Fraction. 

Sucrose 

in 

Purity. 

X  100 

Cols: 

Cane. 

' 

j(8 

-m) 

2  and  4  -i-  100 

1 

43.2 

92.7 

95.5 

41.3 

o 

19.1 

89.7 

92.5 

17.8 

3 

15.1 

87.7 

90.4 

13.8 

4 

8.0 

88.0 

90.7 

7.3 

5 

1              4-" 

83.2 

85.3 

4.0 

6 

3.0 

80.8 

82.3 

2.5 

7 

2.6 

79.0 

79.9 

2.2 

8 

1.7 

75.9 

75.7 

1.3 

Bagasse . . . 

2.6 

69.0 

57.3 

1.5 

Since  the  purity  of  each  successive  fraction  of  juice  obtained 
decreases  the  earlier  expressed  portions  liave  a  higher  available 
sugar  value  than  the  later  ones,  and  43.2  parts  of  sugar  per  100 
sugar  in  cane  correspond  to  more  than  43.2  parts  of  available 
sugar  per  100  available  sugar  in  cane.  Accordingly,  1  have  cal- 
culated the  combined  purities  of  the  first  and  second  fractions,  of 
the  first,  second,  and  third  fractions,  etc.,  the  corresiwnding  values 

s  (j  — m) 
of the  available  sugar  obtained  at  each  extraction 

J    ( s  —  m) 

and  its  percentage  on  the  whole  available  sugar  of  the  cane.  For 
this  last  quantity,  I  propose  the  term  '^available  extraction,"  i.  e., 
when  03.1  parts  of  sugar  per  100  sugar  in  cane  have  been  ex- 
tracted 04.4  parts  of  the  available  sugar  in  the  cane  have  been 
obtained  and  this  figure  I  think  more  nearly  represents  the  factor 
controlling  the  economic  work  of  the  mill.  These  values  are  given 
in  Table  VI. 

TABLE  VI. 


Value  of 

8  (j  — m) 

Available  Ex- 

Extraction. 

Purity. 

X  100 

.1  (8  — m) 

traction. 

43.2 

92.7 

95.5 

45.0 

62.3 

91.9 

94.7 

64.4 

77.4 

91.1 

94.0 

79.5 

85.4 

90.8 

93.7 

87.4 

90.1 

90.4 

93.2 

91.8 

93.1 

90.1 

92.9 

94.4 

95.7 

89.8 

92.6 

96.9 

97.4 

89.5 

92.3 

98.4 

100.0 

88.9 

91.7 

100.0 
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diately  above,  I  have  calculated  the  purity  at  each  successive  frac- 

8  U  —  m) 
tion,  the  corresponding  value  of ,  the  amount  of  available 

j  (8  — m) 
sugar  obtained  at  each  fraction,  and  the  corresponding  quantities 
for  the  total  extraction  at  the  end  of  each  fraction,  and  the  econo- 
mic extraction  at  the  same  points. 

The  results  of  the  calculation  are  given  in  Tables  Vll,  VIII, 
TX  and  X,  in  form  similar  to  those  already  described.  Tables 
VII  and  VIII  refer  to  a  purity  of  85  in  first  expressed  juice, 
and  Tables  IX  and  X  refer  to  a  purity  of  80  in  first  expressed 
juice. 
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The  figures  so  obtained  are  similar  to  those  resulting  with 
canes  of  high  purity  giving,  however,  a  proportionally  higher 
economic  extraction  at  the  earlier  stages,  due  to  the  large  influ- 
ence of  the  very  impure  juice  obtained  in  the  later  fractions. 

The  results  obtained  and  already  set  out  in  tabular  form  lend 
themselves  to  graphical  representation.  In  Fig,  2  I  give  the 
available  extraction  curve  obtained  by  plotting  the  extraction  on 
the  horizontal  line  and  the  corresponding  available  extraction 
vertically.  The  extraction  curve  is  shown  also,  and  is  obtained 
by  plotting  the  extraction  both  vertically  and  horizontally,  and  is, 
of  course,  a  straight  line  inclined  to  the  horizontal  at  45°. 

TABLE  N\\. 


Sucrose  ob- 

Value of 

tained  per  100 

Purity. 

s(j  — m) 

,    Product  of 

Fraction. 

Sucrose  in 

X  100 

i         Cols: 

Cane. 

j  (s  — m) 

2  and  4^  100 

1 

43.2 

85.0 

87.4 

37.9 

2 

19.1 

82.2 

84.0 

i          16.1 

3 

15.1 

80.4 

81.7 

'          12.3 

4 

8.0 

80.7 

82.0 

;            6.6 

5 

4.7^ 

76.3 

76.2 

3.6 

6 

3.0 

74.1 

72.9 

I            2.5 

7 

2.6 

72.4 

70.3 

1            1.9 

8 

1.7 

69.6 

65.6 

1.2 

Bagasse . . 

2.6 

59.6 

45.5 

1.2 

TABLE  VIII. 


Value  of 

Extraction. 

Purity. 

s(j  — m) 

X  100 

j  (8  — m) 

43.2 

85.0 

87.4 

62.3 

84.1 

86.3 

77.4 

83.4 

85.5 

85.4 

83.1 

85.1 

90.1 

82.8 

84.8 

93.1 

82.5 

84.4 

95.7 

82.2 

84.0 

97.4 

82.0 

83.8 

100.0 

81.4 

83.0 

Available 
Extraction. 


45.7 
65.1 
79.9 
87.8 
92.2 
94.9 
97.5 
98.7 
100.0 
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TABLK  IX. 


Sucrose  ob- 

Value of 

Fraction. 

tained  per  100 

Purity. 

s(j  — m) 

Product  of 

Sucrose  in 

X  100 

Cols: 

Cane. 

j(8  — m) 

2  and4^100 

1 

43.1 

80.0 

81.2 

35.2 

2 

19.1 

77.4 

77.7 

14.8 

3 

15.1 

75.7 

75.3 

11.5 

4 

8.0 

75.9 

75.6 

6.0 

5 

4.7 

71.8 

69.3 

3.3 

6 

3.0 

69.7 

65.7 

2.0 

T 

2.6 

68.2 

63.2 

1.7 

8 

1.7 

65.5 

58.1 

1.0 

Bagasse . . 

2.6 

56.1 

36.7 

1.0 

TABLE  X. 


Value  of 

Extraction. 

1 

Purity. 

j(8- 

-m) 

X  100 

-m) 

Available 
Extraction. 

43.2             1 

80.0 

81.2 

46.0 

62.3             1 

79.2 

80.1 

65.4 

77.4 

78.5 

79.2 

80.4 

85.4             1 

78.3 

78.9 

88.2 

90.1              1 

77.9 

78.4 

92.6 

93.1 

77.7 

78.1 

95.1 

95.7 

77.4 

77.6 

97.4 

97.4 

77.2 

77.3 

98.7 

100.0 

76.6 

76.5 

100.0 

In  Fig.  J  I  have  plotted  the  purities  of  each  successive  fraction 
of  juice  and  immediately  above  the  corresponding  values  of  the 

8  (j  — m) 
expression ;  this  curve  shows  the  fall  in  purity  and  in 

available  sugar  with  each  successive  fraction  of  juice  extraction. 
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In  Fi^i(.  4  I  have  plotted  the  total  extraction  at  each  ix)int  on 
the  horizontal  line  with  the  purities  and  amount  of  available  sugar 
in  the  whole  quantity  of  juice  extracted,  on  the  vertical  scale ;  the 
product  of  the  height  of  the  available  curve  at  any  point  into  the 
extraction  at  that  point  representing  the  available  extraction  at 
that  point. 

I  have  not  made  any  mention  at  all  of  the  financial  asi>ect  of 
high  extraction,  and  have,  I  think,  left  this  point  out  advisedly 
and  have  confined  myself  entirely  to  the  problem  in  its  experi- 
mental aspect.  It  would  be  quite  easy  to  calculate  by  accepting 
certain  conditions  what  would  be  the  profit  in  raising  the  extrac- 
tion from  93.1  to  95.7;  but  these  points  include  so  many  variants, 
the  capital  account  for  a  fourth  mill,  the  sufficiency  or  insufficiency 
of  the  bagasse  as  fuel,  the  cost  of  coal,  triple  or  quadruple  evapo- 
ration, the  price  of  sugar,  marketing  expenses,  increased  run- 
ning expenses  in  labor  and  oil,  etc..  that  I  have  thought  it  better 
to  leave  this  question  to  those  familiar  with  their  own  local  con- 
ditions. Accepting  the  data  I  have  brought  forward  here  as  a 
basis,  the  executive  of  any  factory  should  have  no  difficulty  in  ex- 
pressing these  results  in  money  units  with  reference  to  his  own 
peculiar  conditions. 
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PART  m. 


THE  STRUCTURE  OF  THE  CANE  AS  AFFECTING  MILL  WORK. 

The  observation,  that  increasing  pressures  produce  a  juice  of 
inferior  quality,  dates  back  more  than  a  generation,  and,  as  is 
well  known,  is  due  to  juice  from  the  rind  and  nodes,  being  ex- 
pressed only  at  higher  pressures.  Without  going  into  details,  it 
may  be  said  that  the  cane  contains  three  principle  Structures: 
first,  a  hard  outer  woody  rind ;  second,  a  soft  interior  pith ;  and 
third,  the  fibro-vascular  bundles.  In  another  senSe  the  cane  may 
be  divided  into  rind,  nodes,  and  interior  pith.  This  division  is 
merely  a  convenient  one  for  the  purposes  of  this  bulletin,  and  has 
no  botanical  significance. 

Previous  work  on  the  structure  of  the  cane  has  been  done  in 
Louisiana  and  in  Java;  in  the  latter  district  chiefly  from  the 
botano-physiological  point  of  view.  Thus  Beeson^  in  Louisi- 
ana separated  the  cane  into  nodes  and  internodes,  ani  obtained 
jiiice  from  both  parts  separately,  finding  a  much  inferior  juice  in 
the  node  than  in  the  internode.  Winter®  in  Java  made  deter- 
minations of  the  sugar  and  fibre  in  the  center  of  the  cane,  the 
periphery,  and  in  the  rind,  as  well  as  determining  the  same  quan- 
tities in  the  nodes  and  internodes.  His  results,  as  quoted  by 
Geerligs,!**  are  not  quantitative,  i.e.,  they  do  not  give  the  pro- 
portion of  rind,  node,  etc.,  nor  is  the  purity  of  the  juice  in  the 
various  parts  given.  Browne'^  has  also  determined  the  fibre 
in  the  different  parts  of  Louisiana  cane,  in  the  pith,  in  the  fibro- 
vascular  bundles,  and  in  the  rind. 

In  the  analyses  described  below  the  division  I  adopted  was  into 
pith  and  rind  and  node.  Thus  the  cane  under  analysis  was  first 
separated  into  node  and  internode  by  sawing  through  the  node, 
the  datum  mark  I  adopted  being  the  outer  line  of  the  zone  of 
adventitious  roots,  and  a  corresponding  distance  on  the  other  side. 
The  portion  thus  obtained  formed  the  material  analyzed  as  the 
node.  The  rind  was  not  separated  from  the  node,  so  that  this 
portion  will  consist  mainly  of  rind,  fibro-valcular  bundles,  and 
some  pith.  The  other  part  consisting  of  the  internode  was 
stripped  of  the  rind.  On  examining  a  clean  cut  cane,  a  fairly 
sharp  line  of  demarcation  between  pith  and  rind  can  be  found, 
and  the  rind  was  stripped  off  as  nearly  as  possible  through  this 
line :  this  portion  formed  the  rind,  the  remainder  being  analyzect 
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as  pith.  The  separate  portions  were  weighed  and  analyzed  as 
regards  moisture,  fiber,  solids,  and  sugar.  The  moisture  was  de- 
termined by  drying  in  a  vacuum  oven  at  the  temperature  of  water 
boiling  under  atmospheric  pressure.  The  solids  and  sugar  were 
<!etermined  by  extracting  the  material  with  water  in  a  Soxhlet 
apparatus.  The  extract  was  made  up  to  definite  volume  in  which 
the  solids  were  determined  by  the  refractometer,  and  the  sugar 
by  direct  polarization.    The  fibre  was  obtained  by  diflference. 

The  results  of  a  series  of  experiments  were  as  tabulated  below : 


1      Rose 
,  Bamboo. 

Y.  Cale- 
donia. 

Lahaina. 

Lahaina. 

Y.  Cale- 
donia. 

;     Oahu. 

Oahu. 

Oahu. 

Maui. 

Kauai. 

J 

Weight  %  Cane... 
Juice  % 

.  i    100.00 
87.12 

100.00 
84.91 
15.09 
15.83 
13.04 
69.08 

66.90 
90.43 
9.87 
17.34 
15.06 
73.09 

15.27 
65.92 
34.71 
11.52 
7.44 
53.77 

17.83 
80.40 
19.60 
13.86 
10.27 
66.54 

100.00 
86.25 
13.75 
16.03 
13.28 
70.22 

72.45 
90.11 
9.89 
17.45 
15.11 
72.66 

12.28 
72.73 
27.27 
11.54 
7.50 
51.19 

15.27 
78.78 
21.22 
12.88 
9.22 
65.90 

100.00 
88.40 
11.60 
20.10 
18.14 
68.30 

61.77 
94.78 
5.22 
22.21 
21.11 
72.57 

14.34 
69.98 
30.02 
15.40 
11.10 
57.58 

23.89 
82.80 
17.20 
17.43 
14.62 
65.37 

100.00 
84.45 

Fibre  % 

..        12.88 
..       14.70 
.  ;      13.25 
. .      72.12 

15.55 

Solids  % 

17.92 

g 

Sugar  % 

15.36 

*^ 

Water  % 

66.53 

'Weight  7c  Cane... 
Juice  % 

1 

.  ;      74.28 
91.90 

67.15 
91.20 

f^ 

Fibre  % 

8.10 

8.80 

Solids  % 

15.93 

19.62 

Sugar  % 

.  1      14.80 
. .       75.97 

17.52 

Water  % 

71.60 

Weight  «7c  Cane... 
Juice  % 

9.57 
62.11 

15.80 
64.92 

^^ 

Fibre  % 

37.89 

35.08 

Solids  % 

9.38 

13.87 

Sugar  % 

.  1        6.46 
.  .1      52.73 

10.00 

Water  % 

51.05 

'Weight  %  Cane... 
Juice  % 

1 
. .'      16.15 
.  J      79.98 

17.05 
75.97 

h 

Fibre  % 

. .  1      20.02 

24.03 

Solids  % 

. .  1      12.22 

15.07 

Sugar  % 

.  1      10.14 
.  .1      67.76 

11.83 

Water  % 

60.90 

From  these  figures  I  then  calculated  the  composition  of  the 
juice  in  each  portion  of  the  cane,  obtaining  the  figures  tabulated 
below: 
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Bose 
Bamboo. 

Y.  Cale- 
donia. 

Lahaina. 

Lahaina. 

Y.Cale- 
donia. 

Oahu. 

Oahu. 

Oahu. 

Maui. 

Kauai. 

U^ 

[Weight  %  Cane.... 

Solids  % 

Sugar  *^c 

87.12 
16.87 
15.22 
90.22 

68.26 
17.33 
16.10 
92.90 

6.04 
15.08 
10.40 
69.10 

12.82 
15.28 
12.68 

82.98 

84.91 
18.52 
15.35 
82.94 

60.49 
19.17 
16.65 

86.85 

10.06 
17.41 
il,29 
64.85 

14.36 
17.24 
12.77 
74.07 

86.25 
18.59 
15.39 
82.79 

65.49 
19.37 
16.76 
86.53 

8.91 
15.87 
10.30 
64.91 

11.85 
16.29 
11.70 
71.81 

88.40 
22.72 
20.52 
90.32 

58.62 
23.43 
22.27 
95.05 

10.00 
22.00 
15.86 
72.09 

19.78 
21.05 
17.66 
83.90 

84.45 
21.22 
18.19 

< 

^Purity 

r  Weight  %  Cane.... 

Solids  % 

Sugar  ^/c 

85.71 

61.24 
21.49 
19.20 

Purity 

89.29 

•1 

I 

Weight  %  Cane 

Solids  7c 

Sugar  7c 

10.26 
21.37 
15.40 

Puritv 

72.10 

1. 

"Weight  %  Cane 

Solids  % 

Sugar  % 

12.95 
19.83 
1.5.57 

^  Purity 

78..50 

I  then  calculated  the  amount  of  sugar  contained  in  each  portion 
I>er  100  sucrose  in  cane:  the  results  are  given  below: 


Rose 

Bamboo. 

1 

Y.  Cale- 
donia. 

Lahaina. 

Lahaina. 

Y.  Cale- 
donia. 

Oahu. 

Oahu. 

Oahu. 

Maui. 

Kauai. 

Pith 

Rind 

Node 

;       83.0 

1         4.7 

12.3 

77.3 

8.7 
14.0 

82.4 

6.9 

10.6 

72.2 

s'.i 

19.0 

76.6 
10.3 
13.1 

Owing  to  the  different  purities,  different  amounts  of  sugar  are 
available  in  the  different  portions.    I  then  calculated  the  available 

8  (j  — m) 

sugar  in  each  portion  using  the formula,  where  .y  is  the 

j  (s  — m) 

purity  of  the  bagged  sugar ;  /,  that  of  the  juice ;  and  m,  that  of  the 
molasses,  giving  to  .y  and  m  the  values  97.5  and  45.0;  and  ex- 
pressed the  proportions  of  sugar  available  per  100  available 
sugar  in  the  cane. 

The  results  of  the  calculation  are  shown  in  the  annexed  table, 
which  gives  the  distribution  of  the  available  sugar  per  100  avail- 
able sugar  in  the  cane. 
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Bose 
Bamboo. 

'  Y.  Cale- 
donia. 

Lahaina. 

Lahaina. 

Y.  Cale- 
donia. 

Oahu. 

Oahu. 

Oahu. 

Maui. 

Kauai. 

Pith 

85.4 

3.3 

11.3 

82.0 

5.9 

12.1 

86.4 
4.7 

8.8 

75.8 

6.6 

17.6 

79.9 

Bind 

8.2 

Node 

11.9 

On  examining  the  results  given  in  the  first  table,  it  appears  that 
that  part  of  the  cane  which  I  have  taken  as  representative  of  the 
node  is  intermediate  in  composition  between  the  parts  representa- 
tive of  the  parenchyma  and  rind  tissue ;  and  in  a  ver>^  rough  sense, 
it  may  be  considered  as  composed  of  those  parts  which  go  to  make 
up  the  parenchyma  and  rind  tissue.  It  is  then,  I  think,  permis 
sible  to  regard  the  cane  as  consisting  of  a  soft  interior  portion 
made  up  of  a  low  proportion,  of  spongy,  absorbent  fiber,  and  a 
juice  of  high  sugar  content  and  purity;  and  of  a  hard  outer  por- 
tion containing  a  large  proportion  of  a  resistant  non-absorbent 
fiber,  and  a  juice  of  low  sugar  content  and  low  purity.  Dividing 
the  part  I  have  called  **node"  equally  between  the  pith  and  the 
rind  tissue,  the  average  composition  of  the  canes  forming  the 
basis  of  this  experiment  will  be : 


S    r  Weight  per  IC 
O       Fibre    % 


100  Cane..   100.00  i        r Weight  per  100  Cane..  86.3 

j  Fibre    % 13.7      |   g  J  Solids    % 19.8 

i  "^  Solids    n... 17.1      k|  ^,  Sugar   % 17.1- 

$    I  Sugar    % 14.8  [  I'urity     86.4 


-    f  Weight  per  100  Cane. 
cS    I  Fibre    ^c 


7.0 
8.0 

1  Solids    % 18.5 

(Sugar    % 16.7 


r    r  Weight  per  100  Cane..  23.0 

£  J  Fibre    % 33.0 

1  ^.  Solids    % 12  3 

I    [Sugar    % 8.5 


f  Weight  per  100  Cane..  70.8 

g  J  Solids    % 20.2 

4  "».  Sugar    % 18.5 

[Purity 90.3 

r  Weight  per  100  Cane.  .  15.5  . 

^  ]  Solids    % 18.3- 

4  ^.  Sugar    % 12.7 

t  Puritv    69.1 


T  thought  it  would  be  of  interest  to  attetnpt  to  trace  these  two 
portions  through  the  process  of  milling.  The  first  experiment  I 
made  was  in  a  hand  mill,  crushing  the  cane  until  about  65%  of 
juice  had  been  obtained.  The  bagasse  was  then  separated  into, 
two  p)ortions,  the  soft  inner  part  and  the  hard  outer  part.  These 
two  parts  were  wreighed  and  analyzed  separately,  following  the 
methods ,  described  on  page  8.  This  method  is  of  course  ex- 
tremely rough,  as  nothinof  but  a  separation  into  two  parts,  one 
consisting  mostly  of  pith  and  one  consisting  mostly  of  rind,  could 
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38 
be  obtained.    Further,  as  the  juice  flows  from  the  cane,  some  of 
the  first  expressed  juice  from  the  interior  portion  will  flow  on  to 
and  be  retained  by  the  rind.    The  results  of  a  series  of  experi- 
ments are  given  below: 


H 
1 

I 

i 


Lahaina. 


Rose       Y.  Cale-  |  Y.  Cale- 
Bamboo.      donia.    i    douia. 


Maui. 


Weight  per  100  ('ane 

Solids  % 

8ugar  % 

Purity 

Weight  per  100  ('ane 

Bolids  % 

Sugar  % 

Water  % 

Fibre  %  

Weight  per  100  Cane 

Solids  % 

Sugar  % 

Water  % 

Fibre  %  


Oahu. 


Kauai. 


Oahu. 


70.99 

66.75 

65.60 

64.64 

24.22 

17.70 

21.68 

18.73 

21.94 

16.42 

18.42 

16.85 

90.58 

92.77 

84.97 

89.96 

13.35 

15.74 

14.40 

14.69 

15.29 

11.57 

12.20 

12.20 

13.46 

10.32 

9.00 

10.00 

52.32 

56.16 

49.21 

54.52 

31.39 

31.27 

38.59 

33.28 

15.66 

17.51 

20.00 

20.67 

13.26 

9.40 

11.09 

9.92 

10.37 

7.22 

7.45 

5.68 

53.90 

54.00 

46.68 

49.97 

32.84 

36.60 

42.23 

40.11 

Previously  I  had  found  an  average  of  8%  fiber  in  the  soft  por- 
tion of  the  cane.  The  pith  bagasse  in  these  experiments  contained 
on  an  average  34%  of  fiber.     The  weight  of  bagasse  obtained 

8  X  100 

from  the  pith  per  100  of  pith  is  then  =  24%  and  of  juice 

34 
76 
76;  and  per  100%  juice  in  the  pith  is  —  =  83%.    The  hard  por- 

92 

tion  of  the  cane  contained  originally  33%  of  fiber,  and  after 
crushing  contained  38%.  that  is  to  say,  that  very  little  rind  juice 
had  been  expressed.  Assuming:,  as  I  think  it  is  justifiable  to  do. 
that  in  larger  mills  obtaining  65%  of  iuice  on  cane  a  similar  state 
obtains,  then  it  may  be  said  that  the  first  crushing  obtains  an  ex- 
traction of  about  80%  of  the  pith  juice  and  an  extraction  of 
nothing  to  a  small  quantity  of  rind  tissue  juice,  and  any  rind 
tissue  juice  that  is  expressed  is  obtained  in  the  later  mills. 

To  further  follow  up  this  question,  I  obtained  samples  of 
bagasse  from  the  first,  second,  third,  fourth  and  fifth  mills  of  a 
train  of  mills  and  separated  this  bagasse  by  picking  out  by  hand 
into  two  f)ortions  one  representative  of  the  soft  interior  portion 
of  the  cane  and  one  representative  of  the  hard  outer  pot  tion. 
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In  the  first  and  second  mills  this  could  be  easily  done,  but  in  the 
later  mills  the  separation  was  more  imperfect,  although  the  soft 
interior  part  could  still  be  readily  distinguislied  from  the  hard 
outer  portion.  In  some  of  these  experiments  bagasse  direct  from 
the  mill  was  used,  and  in  these  the  moisture  in  the  two  portions 
was  determined  separately.  In  others,  bagasse  dried  at  the  tem- 
perature of  boiling  water  and  kept  in  air-tight  '*Mason**  jars,  was 
used.  In  these  cases  the  water  was  determined  in  the  bagasse  as 
a  whole,  but,  it  was  found  that  there  was  ver\'  little  difterence  in 
the  water  content  of  the  two  portions. 

The  results  of  the  analyses  are  given  below : 

BAGASSE  FROM  A  TWELVE-ROLLER  TRAIN. 


Mill  T.       Mill  II 


K Weight  per  100  Bagasse,  53.33 

Sugar   % I  11.33 

Fibre  % 33.59 

I  r  Weight  per  100  Bagasse  \  46.67 

1  V  Sugar   % '  9.12 

*^aL  Fibre  % ,  35.15 

J  I  r  Weight  per  100  Bagasse  100.0 

5^  Sugar   re 10.34 

«  [Fibre   % 34.32 


48.75 

4.06 

46.67 

100.0 
3.51 
46.87 


BAGASSE  FROM  A  FIFTEEN-ROLLER  TRAIN. 


K  Weight  per  100  Bagasse 
Sugar  % 
Fibre  % 

I  f  Weight  per  1 00  Bagasse 

Jli  Sugar  % 

^flS  t  Fibre  % 

-SI  f  ^'^^Jg^t  per  100  Bagasse. 

S  1 1  Sugar  % 

^fl3  I  Fibre  % 


Mill  III. 


48.50 

3.86 

46.83 

51.50 

4.66 

45.90 

100.0 
4.30 
45.99 


Mill  V 


50.0 

2.70 
49.40 

50.0 

3.57 
48.60 

100.0 

3.13 
49.00 


The  f)oint  of  great  interest  in  these  analyses,  and  to  determine 
which  these  analyses  were  made,  is  that  the  pith  bagasse  origi- 
nally contained  more  sugar  than  the  rind  bagasse :  at  the  second 
mill  the  amount  of  sugar  in  either  is  the  same ;  at  the  subsequent 
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mills  the  rind  bagasse  contains  more  sugar  than  does  the  pith, 
that  is  to  say,  the  soft  interior  portion  of  the  cane  has  yielded  a 
much  higher  extraction  than  has  the  hard  outer  rind,  and  the  ex- 
traction in  its  usual  sense  is  of  course  the  combined  effect  of  these 
two  quantities. 

To  obtain  some  idea  of  what  these  extractions  are,  I  proceed  as 
under : 

The  canes  worked  up  at  the  twelve-roller  mill  whence  the 
bagasse,  the  analyses  of  which  are  given  in  the  above  table,  was 
derived,  were  of  very  high  sugar  content,  and  are  represented  by 
tl  e  analyses  of  the  canes  given  in  the  fourth  column  of  the  Table 
on  pa^e  ^,  which  came  from  the  mill  supplying  the  bagasse.  The 
sample  of  cane  I  received,  however,  was  much  sweeter  than  those 
formini^  the  week's  material  at  the  mill  in  question,  and  the  canes 
would  be  more  nearly  represented  by  the  following  composition : 

S    f  Weight  % 75 

%  \  Fibre  % 5 

;S    I  Sugar  % 20 

r  Weight   % 25 

15^  Fibre  % 30 

=C^  i  Sugar  % 10 

«^r  Weight    % 100 

3gJ  Fibre  % 11.25 

>^  1  Sugar   % 17.50 

Thus  using  the  analyses  detailed  above  the  extraction  as  regards 
the  pith  and  rind  separately  appear: 


Mill  I 

Mill  II. 

Mill  III 

Mill  IV. 

Extraction 

per  100  Sugar  in  pith 

91.6 

95.7 

97.9 

98.5 

( i 

a       a          a       a    ^^ne 

78.5 

82.0 

83.9 

84.5 

<  i 

11       a         a       a    ^i^^ 

22.2 

48.3 

71.0 

73.9 

1 1 

a       n          i(       11    gj^jjp 

3.2 

6.9 

10.1 

10.5 

Total 

( (       I  i          i  I       n      1 1 

81.7 

88.9 

94.0 

95.0 

These  results  show^  that  the  milling  process  is  very  effective  so 
far  as  regards  the  soft  inferior  pith,  but  very  crude  as  regards 
the  extraction  of  sugar  from  the  hard  outer  rind ;  probably  with 
saturation  processes  using  imbibition  ver>'  little  of  the  water  is 
taken  up  by  the  rind  tissue :  an  increased  extraction  is  then  to  be 
looked  for  by  any  of  the  following  methods : 

1.  Higher  pressures  resulting  in  the  greater  rupture  of  the  rind 
tissue,  efiving  at  once  a  higher  expression  and  a  material  more 
.suited  for  the  absorption  of  water. 


Digitized  by 


Google 


41 

2.  More  effective  disintegration  of  the  rind  tissue  to  be  ob- 
tained  by  the  use  of  knives,  shredders,  crushers,  or  heavily  in- 
dented rollers,  several  patterns  of  which  have  recently  been  placed 
on  the  market. 

3.  .  More  rational  means  of  applying  the  added  water  such  as 
by  the  use  of  a  series  of  injectors,  as  recently  suggested  by 
L.  Pellet,i2  in  place  of  a  perforated  pipe,  or  by  the  use  of 
macerating  baths  through  which  the  bagasse  is  drawn. 

Higher  pressures  have  been  advocated  in  preference  to  the  ex- 
aggerated use  of  water  quite  recently  by  A.  Musy^^  who  quotes 
exceptionally  good  results  as  obtained  by  a  Hamilton  (Triangular 
Headstock )  mill  built  by  the  Kraiewski-Pesant  Co.  and  at  work 
in  Cuba ;  he  is  inclined  to  relegate  the  maceration  process  to  the 
second  place  and  writes  as  follows : 

"Thus  the  maceration,  instead  of  being  the  principal  item  in 
the  milling  process  will  be  relegated  to  its  proper  place — the  sec- 
ond one — and  it  will  be  finally  admitted  that  the  true  economy  in 
the  grinding  of  the  sugar  cane  must  be  obtained  by  the  use  of  a 
moderate  number  of  mills — three  as  a  maximum — and  of  a  lim- 
ited quantity  of  maceration  water." 

So  far  as  increasing  mill  pressures  indicate  a  greater  rupture  of 
the  hard  outer  rind  of  the  cane,  my  results  are  in  accordance 
with  those  quoted.  However,  as  far  as  these  islands  are  con- 
cerned with  the  existing  mill  pressures,  the  data  at  hand  point 
to  the  economic  superiority  of  the  twelve-  and  fifteen-roller  sets. 

There  remains  one  point  more  to  be  mentioned  on  which  these 
analyses  throw  light.  It  not  infrequently  happens  that  while  the 
fibre  remains  of  constant  percentage,  the  extraction  varies  largely, 
milling  conditions  remaining  the  same.  Such  a  variation  can  be 
readily  understood  on  the  assumption  that  while  the  total  amount 
of  fibre  remains  the  same,  its  distribution  between  th.  pith  and 
rind  varies,  an  increase  in  the  proportion  of  the  latter  being  ac- 
companied by  a  decrease  in  the  extraction. 
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To  the  Experiment  Station  Committee  of  the 
Hawaiian  Sugar  Planters'  Association, 
Honohihi,  Hawaii. 

Dear  Sirs : — I  herewith  submit  for  publication,  as  Bulletin  No. 
31  of  the  Agricultural  and  Chemical  Series  of  this  Experiment 
Station,  an  article  by  Mr.  Noel  Deerr,  Sugar  Technologist,  en- 
titled: 'The  Determination  of  Sucrose  in  Cane  Molasses." 

Yours  very  truly, 

C.   F.   ECKART, 

Director. 
Honolulu,  Hawaii,  July  8,  1910. 
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THE  DETERMINATION  OF  SUCROSE 
IN  CANE  MOLASSES. 


By  Noel  Deerr. 


In  the  determination  of  sugar  in  cane  molasses,  and  in  similar 
bodies  that  contain  a  large  proportion  of  levulose,  numerous 
sources  of  error  exist;  according  to  what  procedure  is  followed 
very  different  results  may  be  obtained. 

I'he  chief  points  to  be  considered  are: 

1.  The  Eifect  of  the  Clarifying  Agent  Employed. — The  agent 
most  extensively  used  for  the  preparation  of  sugar  materials  for 
polariscopic  analysis  is  a  solution  of  basic  acetate  of  lead.  Gill  ^ 
first  showed  that  the  action  of  this  agent  increased  the  dextroro- 
tation of  cane  sugar  products,  and  quite  correctly  attributed  this 
increase  to  the  specific  action  of  lead  salts  on  the  specific  rotation 
of  levulose.  Later  Geerligs  '^  showed  that,  in  the  presence  of 
chlorides  and  other  bodies,  with  which  lead  forms  insoluble  com- 
pounds, levulose  is  precipitated  from  solution,  although  lead  levu- 
losate  itself  is  soluble.  Owing  to  this  action  of  lead  salts  on 
levulose  it  is  impossible  to  define  what  is  the  direct  reading  of 
a  molasses  when  taken  in  the  presence  of  alkaline  lead  salts.  This 
point  has  been  insisted  on  in  late  years  particularly  by  H.  Pellet, 
who  advocates  the  use  of  Zamaron's  reagent  ^  consisting  of 
neutral  acetate  of  lead  in  combination  with  chloride  of  lime. 
With  this  agent  he  finds  a  constant  direct  reading  independent  of 
variation  in  the  amount  of  the  clarifying  agent  employed. 

Spencer  **  overcomes  the  difficulty  by  using  basic  acetate  of 
lead  to  slight  excess,  followed  by  acetic  acid  to  acidity.  The 
filtrate  is  further  decolorized  by  the  use  of  a  bone  black  filter,  using 
the  usual  precautions  to  obviate  error  due  to  the  absorption  of 
sugar  by  the  bone  black.  Elsewhere  the  use  of  basic  lead  acetate 
is  generally  employed.  Thus  the  official  United  States  method 
reads  ^  :  **  Dissolve  the  normal  weight  of  the  substance  in  water, 
clarify  with  lead  subacetate,  dilute  to  100  cc. ;  filter  and  polarize 
the  filtrate  at  20°  C.  in  a  20  cm.  tube.  The  reading  obtained  is  the 
direct  reading  before  inversion.'' 

In  other  publications  the  use  of  basic  lead  acetate  is  recom- 
mended with  the  precautions  to  ''avoid  an  excess."    These  direc- 
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tions  are  evidently  ambi|]^ious,  for  it  is  impossible  to  define  an 
exces>.  I'ifty  cubic  centimeters  of  a  normal  solution  of  mdasses 
when  clarified  with  5  cc.  of  a  solution  of  basic  acetate  of  lead  of 
34  hrix  may  ^ive  a  readable  filtrate;  a  soluble  sulphate  will  pre- 
cipitate from  this  filtrate:  hence  in  a  sense,  an  excess  of  lead 
has  Ix^en  Ui^tHl.  Conversely,  the  use  of  40  cc.  of  the  same  solution 
of  lead  acetate  per  50  cc.  of  a  normal  solution  of  waste  molasses 
may  not  completely  precipitate  all  the  bodies  capable  of  precipita- 
tion by  lead,  i.  e.,  the  filtrate  so  obtained  on  addition  of  more  lead 
a^ain  forms  a  precipitate:  hence,  in  a  sense,  an  excess  of  lead 
has  not  been  used. 

Since  the  object  of  an  analysis  of  cane  molasses  is  generally  to 
determine  the  cane  sugar  only,  the  removal  of  a  part  of  the  levu- 
lose  from  the  solution  is  of  no  moment ;  hence  the  problem  of  ob- 
taining the  direct  reading  resolves  itself  into  that  of  clarification 
and  of  obtaining  the  clear  filtrate  in  such  a  condition  that  the 
lead  salts  have  no  effect  on  the  sj>ecific  rotation  of  levulose.  This 
result  can  be  obtained  under  the  procedure  proposed  by 
Tervooren  ®  whose  results  of  great  value  and  detail  have 
passed  unnoticed  in  the  English  written  technical  press;  his  rou- 
tine to  obtain  the  direct  readings  is  as  follows: 

"Dissolve  35.816  (26.018  x  1-2  x  5-2  x  11-10)  grams  molasses 
in  250  cc.  water  with  the  addition  of  40  cc.  basic  lead  acetate :  re- 
ceive 100  cc.  of  the  filtrate  in  a  100-110  cc.  flask:  add  1  cc.  of  30 
per  cent  acetic  acid  and  2  cc.  of  alumina  cream,  make  up  to  110 
cc,  then  filter  and  polarize:  the  reading  multiplied  by  2  is  the 
direct  reading.'* 

It  is  to  be  particularly  noticed  that  in  this  scheme  a  larger 
(juantity  of  basic  lead  acetate  is  used,  whereby  some  levulose  will 
be  removed  in  the  precipitate.  The  specific  rotation  of  what  re- 
mains in  solution  will  be  originally  affected  by  the  basic  lead  salt, 
and  this  effect  is  removed  by  the  action  of  the  acetic  acid,  added 
after  the  removal  of  the  lead  precipitate. 

7  he  Volume  Oeeupied  by  the  Precipitate. — That  the  volume 
occupied  by  the  lead  precipitate  exercises  an  influence  on  the 
direct  reading  is  the  view  held  by  Watts  and  Tempany  ^  ,  by 
Weichman  ^  ,  by  Home  ®  ,  and  by  myself  *  ®  .  Its  influ- 
ence is  denied  by  other  chemists,  notably  il.  M.  Pellet  pere  et 
fils,  and  by  Fribourg  ^  *  .  Whichever  view  is  correct  no  ob- 
jection can  be  raised  to  a  routine  in  which  any  error  due  to  this 
source  is  eliminated  or  reduced  to  undetectable  dimensions.  If 
the  direct  reading  be  taken  in  dilute  normal  sdution  in  a  20  cm. 
tube,  as  proposed  by  Sawyer  ^'^  ,  whilst  any  error  due  to  the 
volume  of  the  precipitate  is  diminished,  a  correspondingly  large 
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error  of  observation  is  introduced  due  to  the  small  reading  so  ob- 
tained. This  latter  inconvenience  can  be  removed  by  the  employ- 
ment of  polariscopes  capable  of  accommodating  a  60  cm.  tube. 
The  degree  to  which  this  source  of  error  is  reduced  is  shown  by 
the  following  calculation. 

In  an  experiment  with  waste  molasses  I  found  that  the  volume 
of  the  precipitate  from  26  grams  was  .5  cc. ;  the  volume  from  1-6 
of  this  quantity  is  then  .08  cc. ;  so  that  the  voniume  of  the  solution 
is  100  —  .08  =  99.92  cc.  The  reading  observed  in  a  60  cm.  tube 
was  15  Ventzke  degrees  and,  corrected  to  a  volume  of  100  cc, 
the  reading  would  be  14.98° ;  the  diflference  is  undetectable. 
If,  however,  a  half  normal  solution  were  used,  the  volume  of  the 
precipitate  would  have  been  .25  cc.  and  the  volume  of  the  solu- 
tion 99.75  cc  The  reading  in  this  concentration  taken  in  a  20  cm. 
tube  would  then  be  14.98  -^  .9975  =  14.91,  a  difference  quite  de- 
tectable by  a  sensitive  instrument. 

The  Clerget  Process. — The  Clerget  process  of  inversion  en- 
tailed the  addition  of  10  cc  of  concentrated  hydrochloric  acid  to 
100  cc.  of  the  sugar  solution,  heating  on  the  water  bath  to  68° 
C,  taking  15  minutes  to  reach  this  temperature.  This  routine  is, 
I  take  it,  the  one  generally  employed  in  France,  as  it  is  the  only 
one  given  by  Fribourg  *  ^  .  The  routine  more  generally  fol- 
lowed, however,  ts  that  due  to  Herzfeld  *  *  .  In  this  scheme 
50  cc.  of  the  sugar  solution  are  made  up  to  75  cc.  with  the  addi- 
tion of  5  cc.  of  hydrochloric  acid  of  specific  gravity  1.18.  The 
heating  is  continued  for  five  minutes  at  67°  C. — 70°  C.  2  1-2 
minutes  being  taken  to  reach  this  temperature,  and  in  no  case  is 
the  total  period  of  heating  allowed  to  exceed  10  minutes.  Fol- 
lowing both  on  the  routine  adopted  and  on  the  amount  of  sugar 
present,  a  different  constant  is  found.  That  originally  obtained 
by  Clerget  i^  referring  to  a  concentration  16.35  grams  in 
110  cc  in  the  presence  of  10  cc  of  concentrated  hydrochloric 
acid  was  144.  The  Herzfeld  constant  is  usually  given  as  142.66 
and  this  number  is  often  quoted  as  being  a  constant  independent 
of  the  concentration  of  th;;  sugar  solution;  actually,  however,  the 
constant  falls  with  dilution,  a  fact  expressly  stated  by  Herzfeld, 
whose  table  of  values  is  given  below ;  his  results  have  been  com- 
pletely confirmed  by  Ling  i  ®  . 
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(iranis  SujL^ar  iK*r 

C'lerget 

Grams  Sugar  per 

Clerget 

UX)  cc. 

Constant 

100  cc. 

Constant 

1 

141.85 

11 

142.52 

> 

141. ')1 

12 

142.59 

} 

141. '>8     ■ 

13 

142.66 

4 

142.05 

14 

142.73 

^ 

142.12 

15 

142.79 

h 

142.18 

16 

142.86 

/ 

142.25 

17 

142.93 

8 

142.32 

18 

143.00 

<). 

142. 3'>     ' 

19 

143.07 

10 

142. 4<) 

20 

143.15 

When  followinij  rij^orously  the  inversion  scheme  as  proposed 
by  fIcrzfeUi.  a  considerable  ex[>erimental  error  is  introduced  due 
to  the  Muall  niai^iitudc  of  the  inverted  reading. 

To  diminish  this  source  of  error  it  would  perhaps  be  more  con- 
venient to  adhere  to  the  original  Clerget  metho<l ;  constants  dif- 
ferent from  those  appropriate  to  the  Herzfeld  method  of  inver- 
sion will  necessarily  result.  .\s  there  appears  to  be  on  record  no 
data  showing  the  effect  of  concentration  of  sugar  on  the  value  of 
th'*  original  ctnistant,  I  have  made  determinations  of  this  following 
C'lorget's  original  prt>cess: — 100  cc.  of  sugar  solution  -|-  10  cc.  of 
hydrochK>ric  acid  of  specific  gravity  1.18,  the  whole  heated  on  a 
water  bath  to  (hS"  C..  taking  15  minutes  to  reach  this  tempera- 
ture. I  made  three  series  of  determinations  in  three  polariscopes : 
two  were  of  the  finn  Schmidt  &  Haensch,  and  these  employed  as 
the  ])  »larizing  ap])aratus  Lippich's  half  prism;  the  third  was  of 
the  firm  of  J.  &  J.  b>ic.  and  was  provided  with  the  Jellet-Cornu 
l)olarizcr:  the  normal  weight  for  all  the  instruments  w^as  26.048 
granvs  in  100  Mohr's  c.  c.  The  light  used  was  in  two  cases  a 
kerosene  dui)lex  burner,  and  in  the  third  case  an  electric  light. 
The  observations  were  made  at  a  temperature  of  28°  C.  to  28.5° 
C.  The  values  of  the  Clerget  constant  as  given  below  are  referred 
of  course  to  the  value  at  0^  C.  The  constant  is  given  to  one  place 
of  decimals  only,  and  all  three  of  the  series  give  the  same  result 
thus  far.  ^ 
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Direct  Reading 

\'aliie  of 

Direct  Rea<ling 

Value  of 

in  20  cc.  Tube 

Constant 

in  20  cc.  Tube 

Constant 

100 

144.5 

50 

143.3 

95 

144.3 

45 

143.2 

90 

144.2 

40 

143.1 

85 

144.1 

35 

142.9 

80 

144.0 

30 

142.8 

75 

143.9 

25 

142.6 

70 

143.8 

20 

142.5 

65 

143.7 

15" 

142.3 

60 

143.6 

10 

142.2 

55 

143.4 

5 

142.1 

It  is  suggested  that  the  error  due  to  the  small  reading  in  Herz- 
feld's  routine  may  also  be  diminished  by  the  following  modifica- 
tion. To  50  cc.  of  the  solution  as  used  for  the  direct  reading  2.75 
cc.  of  concentrated  hydrochloric  acid  is  added  and  the  inversion 
carried  out  as  in  the  Herzfeld  routine.  The  contents  of  the  flask 
are  then  completed  to  55  cc,  in  which  concentration  they  are 
polarized.  The  constant  appropriate  to  the  analysis  is  selected 
from  the  table  of  Herzfeld's  constants  above,  which  is  applicable, 
since  the  concentration  of  the  acid  is  the  same  as  in  the  IkTzfeld 
routine. 

It  not  infrequently  occurs  that  a  half  normal  molasses  solution, 
after  clarification  with  basic  acetate  of  lead  and  subsequent  in- 
version, gives  a  filtrate  darker  than  can  be  read  with  any  ap- 
])roach  to  accuracy.  The  addition  of  a  little  zinc  dust  to  the  in- 
verted solution  will  always  so  decolorize  the  solution  that  it  can 
be  read  easily  and  accurately  in  this  concentration.  This  addition 
to  the  usual  scheme  was  first  proposed  by  Lindet  ^  *  .  The  ad- 
dition of  a  crystal  of  sulphite  of  soda,  as  suggested  by  Geerligs  '  ^ 
has  also  a  decoloring  effect,  but  with  the  molasses  with 
which  I  had  to  deal  the  zinc  dust  gives  a  much  better  decolora- 
tion. 

The  principles  then  under  which  the  determination  of  sucrose  in 
a  cane  molasses  should  be  made  are: 

1.  The  use  of  a  quantity  of  basic  lead  acetate  such  that  the 
maximum  decoloration  is  obtained,  and  at  the  same  time  much  of 
the  levulose  (the  chief  disturbing  influence)  is  eliminated  in  the 
precipitate. 
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2.  The  elimination  following  Tervooren  of  the  specific  effect  of 
the  l)asic  lead  salts  on  the  rotation  of  levulose  by  acidification  of 
the  solution  (with  acetic  acid  and  alumina  cream). 

3.  The  use  of  dilute  solutions  (1-6  normal)^  for  the  obtaining 
of  the  |K)lariscopic  reading,  so  as  to  eliminate  any  appreciable 
error  due  to  the  volume  of  the  lead  precipitate. 

4.  The  use  of  long  tubes,  60  cm.  if  possible,  so  as  to  eliminate 
errors  due  to  a  small  reading. 

5.  A  very  slight  modification  of  the  Herzfeld  procedure  of  in- 
version in  which  30  cc.  of  solution  are  inverted  with  2.75  cc.  of 
hydnxrhloric  acid  of  specific  gravity  1.18:  or  use  of  the  original 
Clerget  procedure,  combined  with  the  selection  of  die  appropriate 
constants. 

6.  The  use  of  zinc  dust  as  a  decolorant  of  the  inverted  solution. 

7.  The  obtaining  of  the  direct  and  inverted  readings  at  the 
same  temperatures  and  in  the  same  concentration. 

8.  The  selection  of  the  appropriate  Clerget  constant  for  the  con- 
ditions of  the  analysis. 

Referred  to  half  normal  weight  the  quantities  of  material  re- 
(|uired,  etc.  to  fulfil  these  conditions,  would  read: 

Place  9.881  (26.048  x  1-2  x  1-3  x  1.1  x  2)  grams  molasses  in 
a  200  cc.  flask ;  add  enough  basic  acetate  of  lead  to  obtain  the 
maximum  decoloration  ( generally  about  25  cc.  of  specific  gravity 
1 .2() )  make  up  to  the  mark  and  filter.  Transfer  50  cc.  of  the  fil- 
trate to  a  50-55  cc.  flask ;  add  1  cc.  of  a  saturated  solution  of 
aluminium  sulphate* :  make  up  to  55  cc. ;  filter  and  polarize  in  the 
(lO  cm.  tube.  The  observed  reading  multiplied  by  2  is  the  direct 
reading  =  D.  Transfer  a  second  portion  of  50  cc.  to  a  50-55  cc. 
flask:  add  2.75  cc.  of  hydrochloric  acid  of  specific  gravity  1.18: 
invert,  following  the  Herzfeld  routine,  or  add  5  cc.  of  acid  and 
invert,  following  the  original  Clerget  procedure;  add  a  small 
(|uantity,  about  .1  gram  of  zinc  dust;  make  up  to  the  mark:  filter 
and  polarize  in  a  60  cm.  tube.  The  observed  reading  nuiltiplied  by 
2  is  the  inverted  reading  =  I. 

Calculate  the  percentage  of  cane  sugar  from  the  expression. 

Sugar  %  =    —^       where  t  is  the  temperature  at  which 

th:  analysis  is  performed,  and  X  is  the  appropriate  constant. 

*  I  find  that  ahiminhim  sulphate  is  a  very  suitable  reagent  for  re- 
storing the  normal  rotation  of  the  levulose;  the  change  in  volume  due 
to  the  precipitate  of  lead  sulphate  is  negligible;  the  filtrate  is  very 
bright  and  capable  of  accurate  reading. 
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In  proposing  such  a  routine  scheme  for  the  analysis  of  a  mo- 
lasses it  is  important  that  the  results  obtained  be  independent  of 
the  personal  equation  of  the  analyst.  The  only  variation  in  the 
proposed  method  lies  in  the  amount  of  basic  lead  acetate  used. 
Analyses  of  molasses'  were  made  under  the  proposed  routine,  .with 
varying  quantities  of  basic  lead  acetate.  These  analyses  given  in 
tabular  form  below  show  a  remarkable  constancy  in  the  sum  of  the 
readings  and  at  the  same  time  demonstrate  the  uselessness  of  at- 
tempting to  give  any  specific  value  to  the  ''direct  polarisation.'' 

Molasses  A  was  a  factory  product  obtained  from  juices  of  low 
glucose  content  and  containing  only  12  %  reducing  sugars: 
molasses  B  was  a 'material  compounded  of  a  partly  inverted  mo- 
lasses, mixed  with  some  impure  levulose  syrup. 
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ERRATUM. 

Please  note  the  following  erratum  in  Bulletin  31,  Agricultural 
and  Chemical  Series,  Experiment  Station,  Hawaiian  Sugar 
Planters*  Association,  which  was  recently  fo^w^-'''"''  *^^  '"""  • 

Page  10,  Line  21 :     For  9.881  read  9.551. 


C.  t 
Honolulu,  Hawaii,  August  2,  1910. 
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LETTER  OF  TRANSMITTAL- 


To  the  Experiment  Station  Committee  of  the 
Hawaiian  Sugar  Planters*  Association. 

Dear  Sirs : — I  herewith  submit  for  publication  as  Bulletin  No. 
32  of  the  Agricultural  and  Chemical  Series,  an  article  by  Dr. 
R.  S.  Norris,  entitled:  "Bagasse  Analysis  Determination  of 
Sugar  and  Moisture. 


Yours  very  truly, 


Honolulu,  Hawaii,  August  2,  1910. 


C.   F.    ECKART, 

Director. 
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BAGASSE  ANALYSIS—DETERMINATION  OF 
SUGAR  AND  MOISTURE.' 


By  R.  S.  Norris. 


Introduction* 

Rightly  considered,  the  chemical  control  of  a  sugar  factory 
bears  the  same  relation  to  the  actual  processes  of  manufacture 
as  the  bookkeeping  does  to  the  business  operations.  And  there  is 
no  other  product  of  a  cane  sugar  factory  the  analysis  of  which  is 
so  necessary  to  its  proper  control  as  that  of  the  bagasse.  The 
analysis  of  the  juice  is  an  important  link  in  the  system  of  control, 
but  the  results  do  not  show  directly,  as  does  the  analysis  of  the 
bagasse,  how  much  of  the  sugar  in  the  cane  is  being  extracted 
and  how  much  of  it  is  going  into  the  furnace.  It  is  the  recog- 
nition of  this  important  position  that  bagasse  analysis  Hblds  in  a 
system  of  sugar  factory  control  that  has  brought  about  the 
numerous  investigations  of  this  subject  in  several  cane  sugar 
countries  during  the  last  two  years.*  And  for  this  reason,  also, 
it  has  been  thought  best  to  reinvestigate  the  subject  in  Hawaii. 
The-  present  bulletin  has  to  do  with  the  determination  of  the 
sugar  and  the  moisture  in  bagasse. 

SAMPLING. 

The  sampling  of  the  bagasse  is  as  essentially  a  part  of  the 
analysis  as  the  determination  of  the  different  constituents.  The 
value  of  the  analyses  in  the  control  of  the  mill  work  is  in  fact 
more  dependent  on  an  accurate  sampling  than  on  the  laboratory 
determinations,  because  the  errors  that  are  liable  to  occur  in  the 


*"A  knowledge  of  the  composition,  of  the  bagasse  as  it  leaves  the 
mills  is  coming  to  be  of  very  great  importance,  not  only  as  affecting  the 
mill  work  proper,  but  as  bearing  upon  the  whole  factory  work.  All  cane 
house  analyses  call  for  the  work  of  a  skilled  chemist,  but  perhaps  no 
other  product  calls  for  more  judgment  and  resourcefulness  upon  his  part 
than  the  bagasse  analysis.''— D.  L.  Davoll,  Jr.,  International  Su^ar  Jour- 
ml,  1909,  p.  387. 
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latter  are  small  in  comparison  with  those  due  to  inaccurate 
sampling.  Davoll  expresses  this  none  too  strongly  when  he  says 
in  his  paper  on  bagasse  analysis:  "*  *  *  *  the  analysis  is 
not  at  all  difficult — it  is  the  sampling  that  makes  the  demand 
upon  his  [the  chemist's]  skill,  and  it  is  the  correct  sampling 
that  is  all  too  frequently  overlooked." 

This  being  the  case,  it  would  seem  important  that  more  em- 
phasis be  placed  on  the  sampling  anfl  more  details  be  given  of 
the  correct  method  of  taking  samples  than  is  usual  in  descriptive 
methods  of  control  intended  for  the  guidance  of  chemists  in  cane 
sugar  factories. 

Preservation  of  Bagasse  Samples. 

No  entirely  satisfactory  method  has  been  found  for  preventing 
the  loss  of  sugar  in  bagasse  by  fermentation.  In  a  method  of 
analysis  described  by  Van  Lookeren  Campaigne,^  he  sterilizes 
the  bagasse  by  putting  the  sample  in  a  sealed  vessel  and  im- 
mersing it  in  the  hot  clarified  juice  for  twenty  minutes.  He 
says  nothing,  however,  of  having  determined  to  what  extent  the 
bagasse  is  actually  sterilized  by  this  process.  Geerligs^  investi- 
gated the  effect  of  different  chemical  preservatives,  and  of  heat, 
on  the  keeping  qualities  of  bagasse.  He  found  in  one  case  that 
a  formaldehyde  solution  prevented  the  fermentation  of  bagasse 
for  twenty-four  hours,  while  in  another  experiment  of  thirty 
hours'  duration  fermentation  had  begun.  He  found,  further- 
more, that  bagasse  could  be  made  to  withstand  fermentation  for 
as  long  as  four  days  by  heating  it  for  an  hour  at  100°  C  on 
three  successive  days.  This  method  could  not  be  applied,  how- 
ever, where  it  is  desired  to  sub-sample  the  bagasse  after  it  has 
been  heated,  on  account  of  the  evaporation  of  the  moisture  from 
portions  of  it.  Another  method,  analogous  to  this,  that  has 
been  suggested  for  preserving  the  bagasse  samples  so  that  fewer 
analyses  will  have  to  be  made,  is  to  combine  the  samples  taken 
every  hour  for  moisture  determination  after  drying  in  a  vacuum 
oven,  and  make  one  determination  of  the  sugar  from  a  sub- 
sample  every  twelve  hours.  In  order  to  do  this  it  would,  of 
course,  be  necessary  to  know  that  none  of  the  sucrose  was  de- 
composed during  the  drying.  In  a  number  of  tests  made  to 
determine  the  effect  on  the  sugar  of  drying  the  bagasse  it  was 
found  that  in  some  cases  there  was  no  decomposition,  while  in 
others  there  was  a  loss  of  sugar.  In  none  of  the  tests  is  the 
length  of  time,  as  given,  more  than  the  minimum  required  for 
completely  drying  the  sample. 
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Before         After 
Drying.        Drying. 


Dried  6  hours  at  100**  C ^  ^-^  |^ 


'    (2. 
12.; 

Dried  6  hours  at  100*  C (2.6  2.5 

( 2.7  2.5 

Dried  1  h»ur  at  llO*'  C,  2  hours  at  125°  C i  2.4 

I  2.4 


'  Dried  6  hours  at  100**  C (3.5  3.2 

1 3.5  3.2 

Dried  4  hours  at  100**  C j  S-* 


Vacuum  Oven  93**  C,  4  hours •. .     3.9 


3.4 


Dried  3  hours  at  100*  C (  S.4  3.4 

1 3.4  3.4 


Dried  6  hours  at  100''  C ! (4.0  3.8 

1 4.0  3.6 

Dried  3  hours  at  100**  C j  M 


3.7 


C3.i 
|3J 


Vacuum  Oven  85**  C,  4  hours 4.7  4.6 

Vacuum  Oven,  85**  C,  3  hours 8.2  3.2 

Vacuum  Oven  100°  C,  3  hours f -^  1  43 

4.5  ) 

Vacuum  Oven  100**  C,  3  hours 4.9  |  ^  g 

5.1  i 

These  results  indicate  that  accurate  determination  of  the  sugar 
in  the  bagasse  could  not  be  made  from  the  same  sample  used  for 
determining  moisture. 

All  of  the  bagasse  used  in  these  experiments  was  sprayed 
with  formalin  as  soon  as  it  was  collected  in  order  to  prevent 
fermentation  during  the  short  time  it  was  in  transit  from  the 
mill  to  the  Station  laboratory.  The  bagasse  had  a  strong  odor 
of  formaldehyde  when  it  reached  the  laboratory.  Two  samples 
kept  over  for  twenty-four  hours  after  being  weighed  out  showed 
a  considerable  loss  in  sugar. 


Digitized  by 


Google 


8 

Polarization. 


Fresh  Bagasse. 
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After  24  hours |  ^'^ 


Fresh  Bagasse. 
After  24  hours. 
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H.  and  L.  Pellet^  state  that  fresh  cane  chips  can  be  kept  for 
twelve  hours  without  any  loss  of  sugar  by  adding  a  little  con- 
centrated solution  of  ammonia  to  the  vessel  containing  them. 
No  figures  are  given  in  support  of  the  statement,  nor  do  they 
say  whether  it  applies  equally  to  bagasse  samples. 

For  mill  control  work  it  would  not  be  necessary  generally  to 
preserve  the  bagasse  over  twelve  hours.  However,  in  cases 
where  it  is  very  important  to  keep  the  samples  for  several  hours 
after  collection,  it  could  probably  best  be  done  by  treating  them 
with  formaldehyde  gas  from  a  generator.  But,  in  general,  the 
most  satisfactory  way  is  to  analyze  the  samples  as  they  are  taken. 

Loss  of  Moisture  During  Preparation  of  Sample  for  Analysis, 

In  none  of  the  methods  that  have  been  described  for  bagasse 
analysis,  except  that  of  Davoll,  is  any  attempt  made  to  take  ac- 
count of  the  loss  of  moisture  while  the  sample  is  being  chopped 
up.  Davoirs  *  device  is  to  make  two  determinations  of  mois- 
ture— one  in  the  original  sample  and  one  in  the  finely  divided 
sample.  If  the  same  routine  be  followed  every  time  a  sample 
is  prepared  for  analysis,  the  loss  of  moisture  in  chopping  will 
be  practically  the  same  each  time.  This  loss  has  been  deter- 
mined by  the  writer  at  a  number  of  factories  as  follows:  Be- 
tween three  hundred  and  four  hundred  grams  of  bagasse,  just 
as  collected  from  the  last  mill,  were  carefully  weighed  in  a  cov- 
ered pasteboard  box.  It  was  then  chopped  up  by  the  usual 
method — care  being  taken  not  to  lose  any  of  it  during  the  chop- 
ping— and  weighed  again.  When  the  hopper  of  the  machine 
was  kept  covered  during  the  chopping,  the  loss  of  moisture  was 
usually  about  2%  ;  when  not  covered  about  4%.  The  loss  has 
never  been  found  to  vary  appreciably  during  three  or  four  days, 
and  probably  does  not  vary  during  longer  periods.  The  loss  in 
moisture  can  be  conveniently  allowed  for  in  weighing  out  the 
sample.  For  instance,  when  the  loss  is  4%,  a  4S  or  96-gram 
weight  may  be  made  and  used  for  weighing  the  bagasse  samples. 

A  sample  taken  every  hour  for  the  determination  of  sugar  and 
moisture  should,  under  the  most  varied  conditions,  give  a  fair 
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average  for  these  two  constituents ;  but  if  the  cane  does  not  vary 
much  and  the  mill  runs  smoothly,  a  sample  once  in  three  hours 
would  probably  answer  the  purpose  quite  as  well.  As  the  con- 
ditions vary  considerably,  especially  in  the  smaller  mills,  the  mill 
chemist  must  use  his  judgment  as  to  when  it  is  best  to  take  the 
samples.  In  all  cases  the  sample  should  be  taken  from  the  full 
lengpth  of  the  roller  and  the  full  depth  of  the  bagasse  blanket. 
This  large  sample  is  put  into  a  box  or  pail,  mixed  quickly  and 
thoroughly  with  the  hands,  and  about  500  grams  carried  in  a 
covered  receptacle  to  the  laboratory. 

DETERMINATION  OF  SUGAR. 

PREVIOUS  WORK. 

Mr.  G.  W.  J.  M.  Zuur^  described  a  method  in  1893  in  great 
detail,  beginning  with  the  sampling  at  the  mill.  In  this  method  a 
sub-sample  of  10  grams  from  that  collected  at  frequent  intervals 
at  the  mill  is  deposited  every  half  hour  in  a  flask  containing  four 
liters  of  cold  water  with  a  small  amount  of  lead  subacetate  in  it. 
At  the  end  of  twelve  hours  the  solution  with  the  240  grams  of 
bagasse  is  shaken  up  for  five  minutes  and  weighed.  One  hun- 
dred cubic  centimeters  of  the  solution  are  filtered  oflf  and 
weighed,  and  then  polarized  directly.  The  per  cent,  sugar  is 
calculated  from  the  weights  and  the  polarization.  Except  for 
the  fact  that  no  account  is  taken  of  the  loss  of  moisture  during 
the  elaborate  method  of  sampling,  it  insures  an  average  sample 
of  the  bagasse  for  analysis,  but  there  can  be  no  doubt,  in  the 
light  of  experience  gained  since  that  time,  that  digestion  in  cold 
water  would  not  extract  all  of  the  sugar,  and  the  results  by  this 
method  would  therefore  be  low. 

Mr.  C.  J.  Van  Lookeren  Campaigned  described  a  method  in 
1894,  in  which,  also,  the  sampling  was  given  considerable  promi- 
nence. A  sample  of  the  bagasse  from  the  mill  is  taken  every 
ten  minutes  and  put  into  a  stoppered  vessel.  When  several  sam- 
ples have  been  collected,  the  combined  sample  is  placed  in  a 
closed  iron  cylinder  and  submerged  in  a  hot  liquid — clarified  juice, 
for  instance — for  twenty  minutes,  and  then  cooled  quickly,  to 
preserve  it.  The  sample  for  analysis  is  chopped  up  quickly 
with  knives  fine  enough  to  pass  through  a  sieve  with  ten  milli- 
meter meshes,  and  half  a  normal  weight  placed  in  a  small  glass 
cylinder  and  extracted  in  a  Soxhlet  extractor  for  three  hours 
with  90%  alcohol.  The  extract  is  evaporated  to  a  small  volume, 
made  up  to  50  cc.  and  polarized  in  a  200  mm.  tube  to  get  the 
percent,  sugar.  It  is  no  doubt  important  to  sterilize  the  bagasse 
if  it  is  not  analyzed  very  soon  after  being  sampled ;  but  there  is 
an  obiection  to  heating  it  in  this  wav  before  the  sample  for 
analysis  is  weighed  out,  as  was  pointed  out  above. 
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Zamaron  ^  devised  an  apparatus  for  determining  the  sugar  in 
cane,  and  later  applied  it  to  the  analysis  of  bagasse.  In  his 
method  50  grams  of  bagasse  are  boiled  with  150  cc.  to  200  cc. 
of  water  for  ten  minutes;  the  solution  drained  off,  and  the 
operation  repeated  seven  or  eight  times  with  fresh  portions  of 
hot  water.  After  mixing  and  cooling  the  whole  volume  is  made 
up  to  1000  cc.  or  1500  cc.  This  solution  is  polarized  in  a  400 
mm.  tube,  and  the  polarization  multiplied  by  2.6048  gives  the 
per  cent,  sugar.  Few  details  are  given  on  the  important  point  of 
preparing  the  sample  for  analysis.  The  method  has  the  fault, 
also,  of  requiring  considerable  attention,  and  is  liable  to  some 
error  on  account  of  having  to  multiply  the  polariscope  reading 
by  such  a  large  factor  to  get  the  per  cent,  sugar,  since  it  is  easily 
possible  to  make  a  mistake  of  a  tenth  in  reading  the  polariscope. 

The  method  described  by  Home  ^^  in  1906  is  exactly  the  same 
as  adopted  by  the  Hawaiian  Sugar  Chemists'  Association  in 
1903  and  in  general  use  since  then  on  these  Islands. 

Mr.  D.  L.  Davoll,  Jr.,^  described,  in  a  paper  read  at  the  Inter- 
national Congress  of  Applied  Chemistry,  London,  June,  1909,  a 
method  which  he  has  been  using  in  Cuba.  In  this  method  a 
normal  weight  of  bagasse  is  extracted  for  1^  hours  with  hot 
80%  alcohol  in  a  specially  devised  extractor  of  simple  design, 
the  extract  being  caught  in  a  100  cc.  flask  with  expanded  mouth, 
and  polarized  in  a  400  mm.  tube.  Specific  directions  about  the 
collection  and  preparation  of  the  sample  add  much  to  the  prac- 
tical value  of  the  method.  The  determination  of  sugar  in 
bagasse  by  extraction  with  alcohol  is  by  no  means  a  new  method. 
One  very  similar  to  that  of  Davoll  was  in  use  in  Hawaii  a  num- 
ber of  years  ago.  The  disadvantages  of  the  method  are  the  high 
price  of  alcohol,  the  danger  of  the  alcoholic  extract  bumping 
and  foaming  up  into  the  extractor,  and  the  Hability  of  error 
through  concentration  of  the  solution  during  filtration  by  evapo- 
ration of  the  alcohol.  The  extract  also  has  a  tendency  to  be- 
come dark  colored  and  difficult  to  polarize.  Because  of  these 
disadvantages  the  use  of  alcohol  in  beet  sugar  laboratories,  which 
was  once  quite  universal,  has  been  almost  entirely  discontinued. 

EXPERIMENTAL. 

The  first  problem  attacked  in  this  investigation  was  to  deter- 
mine the  effect  of  various  conditions,  such  as  length  of  time  of 
digestion  or  extraction,  amount  of  water,  temperature,  etc.,  on 
the  results.  H  was  necessary,  in  the  first  place,  to  ascertain  how 
nearly  equal  results  it  was  possible  to  get  under  the  same  condi- 
tions of  working.      Between  four  and  five  hundred  grams  of 


Digitized  by 


Google 


11 

bagasse  *  were  chopped  up  fine  in  a  chopping  machine,  sifted 
through  a  wire  sieve,  four  meshes  to  the  inch,  and  thoroughly 
mixed;  50  grams  were  weighed  out  for  each  determination  and 
about  500  cc.  of  water  containing  5  cc.  of  a  5%  sokition  of 
sodium  carbonate  added  to  it.  The  chopping  machine  used  is 
the  form  commonly  found  in  the  sugar  laboratories  on  these 
Islands,  shown  in  Fig.  1,  and  manufactured  by  the  Athol  Manu- 
facturing Co.  of  Athol,  Mass.,  for  a  meat  chopping  machine.  It 
gives  excellent  service  if  the  knife  is  kept  sharp  and  set  down 
hard  against  the  wooden  bottom  of  the  hopper.  For  conveni- 
ence in  mixing  the  solutions  during  digestion,  flasks  holding 
about  700  cc.  were  used,  without  condensers.  After  boiling  the 
desired  length  of  time  the  solutions  were  cooled  a  little,  weighed 
and  about  200  cc.  strained  off  through  cheesecloth  into  smaller 


flasks  and  cooled  to  the  laboratory  temperature.  From  each 
solution  99  cc.  were  measured  off  in  a  100  cc.  flask  and  made 
up  to  the  mark  with  lead  subacetate  solution  of  54°  Brix.  The 
filtered  solutions  were  polarized  in  600  mm.  tubes  and  the  polari- 
zations of  the  bagasse  calculated  in  the  usual  way  from  the 
polariscope  readings  and  the  weights  of  the  solutions.  This  was 
the  routine  followed  in  all  determinations  except  when  other- 
wise stated. 

It  was  found  possible  to  get  results,  without  difficulty,  within 
one-tenth  of  each  other  under  similar  conditions.  The  results 
were  as  follows: 


•  The  baf^asse  for  these  experirrtents  came  from  the  mills  of  planta- 
tions near  Honolulu. 
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2. 

3. 

4. 

5. 

6. 

4.1 

4.1 

4.0 

4.0 

4.1 

4.0 

4.0 

4.0 

4.0 

4.0 

4.9 

4.9 

4.9 

4.9 

, , 

12 

Samples.  1. 

A     Digested  20   minutes 4.1 

B  **  20       *'         4.0 

C  ''  20       ''         5.0 

EFFECT   OF  TIME   OF  DIGESTION* 

The  question  of  the  proper  length  of  time  for  digestion  has 
been  a  subject  for  discussion  during  the  last  few  years,  especi- 
ally between  Pellet  and  Geerligs.  The  former  claimed  "^  that 
the  Carp  **  method  as  adopted  by  Geerligs,^  in  which  the  bagasse 
is  boiled  with  water  ten  minutes,  gives  results  from  ten  to  thirty 
per  cent,  too  low.  Geerligs,  on  the  other  hand,  claimed  ^^  that 
the  Zamaron  method,^  which  is  favored  by  Pellet,  gives  too  high 
results,  because  by  long  boiling  of  the  bagasse  with  water  a 
dextro-rotatory  gum  is  formed  which  raises  the  polarization. 
He  was  able  to  isolate  some  of  this  gum  by  precipitating  it  with 
alcohol  from  a  water  solution  that  had  been  boiled  for  a  con- 
siderable length  of  time  with  bagasse  previousl}'  extracted  with 
alcohol.  Its  solution  in  water  polarized  to  the  right,  but  did 
not  give  a  precipitate  with  Fehling's  solution  on  being  heated 
with  acid  and  neutralized.  J.  S.  De  Haan,^^  however,  prepared 
some  of  this  substance  and  found  that  it  was  precipitated  from 
its  water  solution  with  basic  lead  acetate,  and  that  therefore  it 
could  not  be  the  cause  of  the  high  polarizations  obtained  by  long 
boiling  of  the  bagasse.  Pellet  in  a  more  recent  discussion  ^^ 
offers  further  proof  that  the  method  of  single  digestion  for  a 
short  time  gives  too  low  results.  If,  after  digestion,  the  liquid 
be  drained  off  the  bagasse,  and  that  remaining  in  the  bagasse  be 
pressed  out,  the  latter  solution  will  be  found  to  have  the  highef 
polarization.  He  was,  furthermore,  unable  to  obtain  any  dextro- 
rotatory substance  by  repeated  extractions  with  water  of  the 
residue  left  after  the  usual  treatment  by  the  Zamaron  method. 
He  concludes  therefore : 

"1.  That  for  the  accurate  determination  of  the  sucrose  in 
bagasse  it  is  necessary  to  use  the  Zamaron  apparatus,  with  suc- 
cessive treatments  with  boiling  water.  2.  That  the  methods 
employing  a  single  treatment  give  results  more  or  less  approach- 
ing accuracy,  depending  on  the  division  of  the  bagasse  and  the 
length  of  time  of  digestion.  3.  That  under  the  conditions  of 
the  method  used  in  extracting  the  bagasse  no  dextro-rotatory 
substance  is  formed  sufficient  to  influence  the  results." 

As  regards  the  first  conclusion,  it  might  be  pointed  out  that 
the  fact  that  digestion  with  water  for  ten  minutes  gives  low  re- 
sults is  rather  an  argimient  for  increasing  the  time  of  digesting 
than  for  changing  the  method.  And  regarding  the  second  con- 
clusion, there  is  no  reason  to  suppose  that  the  fineness  of  division 
of  the  bagasse  would  have  any  less  influence  on  the  results  by  the 
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Zamaron  method  than  on  those  by  the  water  digestion  method. 
Davoll  found  that  coarse  bagasse  gave  lower  results  in  the  alcohol 
extraction  than  in  the  water  digestion  method. 

Practically  the  same  results  were  obtained  by  the  writer,  re- 
gardless of  the  length  of  time  the  solutions  were  digested,  with 
the  bagasse  at  first  experimented  on. 


Time 
Digested. 

5  min. 
10  min. 
15  min. 


1. 


Polarization. 
j3.6 
I  3.6 

(3.6 
I  3.6 

(3.5 
)3.6 


Time 
Digested. 

15  min. 
30  min. 
45  min. 


Polarization, 
(3.4 
I  3.4 

(3.4 

(3.5 
)3.5 


Time 
Digested. 

15  min. 
1  hr. 
IVi  hrs. 


Time 
Digested. 

15  min. 


Polarization. 
(3.8 
I  3.8 

(3.8 
)3.8 


(3. 
I  3.1 


5. 


Polarization. 


Time 
Digested. 

2  min. 
15  min. 


Time 
Digested. 

15  min. 


Polarization. 
(4.2 
(4.2 

(4.2 
)4.2 


Polarization. 

(3.2 
I  3.2 


3  hrs. 


3  hrs. 


;3.i 

I  3.2 


Time 
Digested. 

10  min. 
1  hr. 


Polarization. 
(2.4 
I  2.3 

(2.4 
I2.4 


Time 
Digested. 

15  min. 
3  hrs. 


Polarization. 
(3.0 
}3.0 

(3.0 
I3.O 
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Time 
Digested. 

1  hr. 
4  hrs. 


9. 


15. 


!•. 


Time 

Time 

Digested. 

Polarization. 

Digested. 

Polarization. 

15  min. 

(2.6 
|2.6 

15  miiv 

3.7 

3  hrs. 

(2.5 
2.6 

3  hrs. 

(3.7 
3.6 

11. 

12. 

Time 

Time 

Digested. 

Polarization. 

Digested. 

Polarization. 

15  min. 

(5.0 
|4.9 

15  min. 

(5.3 
|5.3 

1  hr. 

(5.0 
|5.0 

1  hr. 

(5.3 
5.3 

13. 

14. 

Time 

Time 

Digested. 

Polarization. 

Digested. 

Polarization. 

15  min. 

(4.6 
|4.5 

15  min. 

(4.5 
4.6 

1  hr. 

(4.6 
4.5 

1  hr. 

(4.5 
J4.6 

Polarization. 
(4.0 
{4.1 

(4.0 
4.1 


3  hrs. 

Time 
Digested.    * 

15  min. 
1  hr. 
3  hrs. 


16. 


4.5 


Polarization. 
(3.5 
|3if 

(3.5 
J3.6 

(3.5 
)3.6 


Later,  with  bagasse  from  another  mill,  the  results  were  slight- 
ly higher  with  longer  periods  of  digestion: 


Time 
Digested. 

15  min. 


1  hr, 
3  hrs. 


Polarization. 


(3.0 
(3.0 

(3.1 
13.1 


3.2 
3.3 


Time 
Digested. 

15  min. 
1  hr. 

3  hrs. 


Polarization. 
M 
1.2 

3.1 


(3.1 
I  3.2 


[3.3 
13.3 
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Time 
Digested. 

15  min. 
1  hr. 

3  hrs. 

Time 
Digested. 

15  min. 

1  hr. 

Time 
Digested. 

15  min. 

2  hrs. 

f 

Time 
Digested. 

15  min. 
1  hx, 

3  hrs. 


Polarization. 
(3.3 
13.3 

3.4 


5. 


7. 


9. 


Time 
Digested. 

15  min. 


1  hr. 


(3.6 
|3.6 

2  hrs. 

Polarization. 
(4.8 
14.9 

Time 
Digested. 

15  min. 

(5.0 
|5.1 

1  hr. 

Polarization. 
(4.5 
|4.5 

Time 
Digested. 

1  hr. 

(4.8 
4.9 

5  hrs. 

Polarization. 
(2.8 
|2.7 

(2.8 
|2.9 

(3.0 
7  3.0 

8. 


Polarization. 
(2.2 
I  2.2 

(2.5 
(2.5 

(2.5 
?2.4 


Polarization. 
(3.3 
{3.4 

(3.4 
?3.5 


Polarization. 
(4.5 
M.6 


(4.6 
(4.7 


The  greatest  difference  in  the  polarizations  of  the  bagasse  in 
the  experiments  comparing  the  effect  of  different  lengths  of  time 
of  digestion,  even  when  prolonged  for  as  much  as  five  hours, 
was  only  0.3.  An  explanation  of  the  higher  polarizations  with 
longer  periods  of  digestion  that  suggests  itself  is  that  the  solu- 
tion .  surrounding  the  particles  of  bagasse  which  was  used  for 
the  polarization  became  more  concentrated  by  evaporation  than 
that  within  the  bagasse.  As  the  tests  were  all  made  in  dupli- 
cate, however,  and  frequently  one  of  them  was  evaporated  down 
a  great  deal  more  than  the  other  without  showing  any  differ- 
ence in  the  calculated  polarization  of  the  bagasse,  this  would  not 
be  a  valid  explanation  for  the  high  results  obtained  by  long 
digestion.       The    most   probable   explanation,    it   seems   to   the 
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writer,  is  that  in  some  samples  of  bagasse  there  are  a  few  very 
woody  cells  that  have  not  been  crushed  by  the  mills,  and  the 
juice  must  be  extracted  from  them  by  slow  diffusion.  In  which 
case  it  would  seem  best  to  always  digest  the  bagasse  for  about 
an  hour. 

Incidentally,  in  connection  with  the  experiments  on  the  effect 
of  different  lengths  of  time  of  digestion,  it  was  found  that  with 
the  first  lot  of  bagasse  which  was  extracted  so  quickly,  the  sugar 
could  be  practically  all  extracted  with  warm  water  and  even  cold 
water  in  an  hour : 


Treatment. 
Boiled  15  min. 

''         2  min. 


Water  at  TS''  C,  1  hr. 

Boiled  2  hrs 

Water  at  IZ''  C,  1  hr. 


Boiled  2   hrs. 


Water  80"*  C,  1  hr 

Warm  Water,  shaken  continuously  for  3  hrs. 

Boiled  1  hr 

Warm  Water,  shaken  continuously  for  3  hrs. 
Boiled  15  min 


3  hrs. 


Warm  Water,  shaken  continuously  for  3  hrs. 


Boiled  15  min. 


Polarization. 
L2 

k2 


3  hrs. 


(4.! 
{4.1 

(4.2 
I  4.2 

(4.1 
I  4.3 

(4.0 
(4.0 

(3.9 
(3.9 

(3.4 
(3.5 

(3.4 
{3.4 

(2.2 
(2.2 

(2.4 
{2.4 

(3.0 
(3.0 

(3.0 
(3.0 

(3.0 
(3.0 

(2.5 
(2.5 

(2.6 
(2.6 

(2.5 
(2.6 
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Treatment.  Polarization. 


Cold  Water  1  hr. 


(1.6 
1 1.7 


Boiled  15  min H-^ 

1 1.8 


Cold  Water  1  hr. 


(2.0 
(2.2 


Boiled  15  min (2.3 

[2.3 

IV2  hrs (2.3 

I  2.3 

Cold  Water,  shaken  continuously  for  3  hrs 3.0 

Boiled  15  min 5  ^'^ 

1 3.2 

"         3  hrs <3.1 

i3.2 

"  Cold  Water,  shaker^  continuously  for  3  hrs 3.4 

Boiled  15  min 3.7 

3  hrs (3.7 

I  3.6 

In  order  to  determine  whether  any  dextro-rotatory  non-sugar 
was  formed  from  bagasse  from  Hawaiian  cane  by  boiling  with 
water,  two  samples  of  50  grams  each  of  finely  chopped  bagasse 
were  washed  with  cold  water  over  night  by  means  of  a  syphon 
extractor,  a  small  amount  of  formalin  being  also  added  slowly 
to  prevent  fermentation.  Enough  cold  water  to  cover  the  bagasse 
was  then  allowed  to  stand  in  contact  with  it  for  five  hours  after 
which  it  was  drained  oflf,  a  few  drops  of  sodium  carbonate  solu- 
tion added,  and  evaporated  to  about  35  cc.  After  adding  lead 
subacetate,  the  solution  was  made  up  to  50  cc,  filtered  and 
polarized  in  a  600  mm.  tube.  The  reading  was  zero.  Each 
sample  of  bagasse  was  then  boiled  with  400  cc.  of  distilled 
water  for  1^  hours.  The  solutions  were  evaporated  as  before, 
made  up  to  50  cc.  and  polarized  in  a  600  mm.  tube.  The  read- 
ings were  0.25  and  0.2,  equivalent  to  0.035%  sucrose  in  the 
bagasse. 

A  repetition  of  this  experiment  gave  readings  from  the  hot 
water  extract  of  0.0  and  0.1 — the  latter  equivalent  to  0.015% 
sucrose.  Some  of  the  bagasse  which  gave  slightly  higher  readings 
with  long  extraction,  was  similarly  treated,  using  100  grams  of 
bagasse  and  boiling  the  fiber  for  three  hours.  Polarizations  in  a 
^00  mm.  tube  from  50  cc.  of  solution  gave  readings  of  0.2  and 
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0.3,  ecjuivalent  to  about  0.02%  sucrose.  It  seems  fair  to  con- 
clude from  these  experiments:  That  practically  no  dextro- 
rotatory substance  is  formed  from  the  fiber  from  Hazcaiian  cane, 
by  boiling  with  water.  The  small  polariscope  readings  obtained 
were  probably  due  to  sucrose  that  was  not  extracted  by  the  cold 
water. 

EFFECT  OF  STATE  OF  DIVISION   OF  THE  SAMPLE. 

If  there  is  a  difference  in  the  results  obtained  by  digesting  for 
ten  or  fifteen  minutes  or  for  an  hour,  with  finely  divided  bagasse, 
as  has  been  shown  to  be  the  case,  it  is  to  be  expected  that  this  dif- 
ference would  be  exaggerated  with  coarsely  cut  samples.  Pellet 
refers  to  this  in  an  article  previously  mentioned.^ ^  \  number  of 
investigators  on  the  subject  of  bagasse  analysis  have  called  at- 
tention to  the  importance  of  having  the  sample  finely  divided. 
Davoll  "*  directs  that  the  sample  be  chopped  fine  enough  to  pass 
through  a  sieve  of  nine  meshes  to  the  linear  inch.  He  further- 
more found  that  when  the  bagasse  was  coarsely  cut  the  alcohol 
extraction  method  gave  lower  results  than  the  method  by  diges- 
tion with  water.  HazewinkeP^  made  a  detailed  investigation 
of  this  point,  by  comparing  the  results  obtained  from  bagasse 
chopped  with  a  chopping  knife  and  with  a  **Boot"  chopping  ma- 
chine. His  first  results  were  irregular;  but  he  found  later  that 
when  the  machine  was  set  with  an  opening  of  1  mm.  the  bagasse 
from  it  gave  results  from  0.4  to  0.8%  higher  (depending  on  the 
variety  of  cane)  than  that  prepared  with  a  chopping  knife  which 
left  pieces  1  cm.  in  diameter. 

The  most  noticeable  point  brought  out  in  tests  made  by  the 
writer  to  determine  the  difference  in  the  results  from  fine  and 
coarse  bagasse,  was  the  difficulty  of  getting  duplicates  with  the 
latter.  From  which  it  would  seem  that  there  is  a  double  reason 
for  finely  dividing  the  sample  of  bagasse  for  analysis,  (1)  to 
insure  an  average  sample,  (2)  to  make  it  possible  to  extract  all 
the  sugar  during  the  time  of  digestion.  The  results  were  as 
follows : 

Diameter  of  Largest  Pieces  1  cm.  Polarization. 

Digested  15  min \^'^ 

Digested  1  hr (2.4 

Digested  3*4  hours (2.3 
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Diameter  of  Largest  Pieces  2  cm.  Polarization. 

Digested  15  min 5^-8 

Digested  1  hr j  2.9 

Digested    3i,L.    hrs ^-^ 

Chopped  fine         | C  3.1 

Digested  15  min  j  (3.1 

Diameter  of  Largest  Pieces  2  cm.  Polarization. 

Digested   15   min j  3*^ 

Digested  1  hr 5  4.6 

14.7 

Chopped  fine        | C  4.5 

Digested  15  min  )  (4.5 

Diameter  of  Largest  Pieces  2  cm.  Polarization. 

Digested  15  min 5  2'6 

(2.7 

Digested  1  hr i  2-S 

EFFECT  OF  DIFFERENT  REAGENTS  ADDED  TO  THE  DIGESTION  WATER. 

Besides  the  difference  in  length  of  time  of  digestion  between 
the  method  of  Carp  and  of  the  Hawaiian  Sugar  Chemists'  Asso- 
ciation, they  also  differ  in  the  solution  used  for  digestion.  In  the 
former,  water  alone  is  used,  while  in  the  latter  a  very  weak  solu- 
tion of  sodium  carbonate  is  used.  In  still  other  methods  a  little 
lead  subacetate  solution  is  added  to  the  digestion  water.  Several 
tests  were  made  to  determine  whether  these  reagents  made  any 
difference  in  the  results. 

(1) 
Time  of 
Digestion.         Solution.  Polarization. 

15  min.        Distilled  Water 5  2.7 

)  2.7 

15  min.        2  cc.  Sodium  carbonate )  2.6 

I  2.7 

15  min.       Lead    subacetate •. . . .  52-^ 

I  2.9 

1   hr.  2  cc.  Sodium  carbonate J  2-8 

(2.9 
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1  hr. 

1  hr. 

15  min. 

1  hr. 
1  hr. 

15  rain. 
15  min. 

1  hr. 

1  hr. 
10  mii\. 
10  mii^. 

3  hrs. 

3  hrs. 

15  min. 

3  hrs. 

3  hrs. 

15  min. 

3  hrs. 

3  hrs. 

15  min. 


20 

(2) 


2  cc.  Sodium  carbonate. 

Lead  subacetate 

Lead  subacetate 


(3) 


Distilled  water 

2  cc.  Sodium  carbonate. 


(4) 


Distilled  water 

2  cc.  Sodium  carbonate. 


(5) 


2  cc.  Sodium  carbonate. 

Lead  subacetate 

2  cc.  Sodium  carbonate. 
Lead  subacetate 


(6) 


Lead  subacetate 

2  cc.  Sodium  carbonate. 
2  cc.  Sodium  carbonate. 

( 

2  cc.  Sodium  carbonate. 

Lead  subacetate 

2  cc.  Sodium  carbonate. 


(7) 


(8) 


Distilled  water 

2  cc.  Sodium  carbonate. 
2  cc.  Sodium  carbonate. 


;3.5 

•3.5 
;3.4 
3.4 
[3.5 
[3.5 

(3.9 
3.9 
4.0 
4.0 

3.1 
{3.2 
I  3.2 

I  2.4 
2.4 
[2.3 
2.3 
;2.4 
12.3 
J  2.3 
I  2.3 

:2.8 
;3.o 

13.0 
[3.0 
[3.0 

(2.5 
7  2.6 
C2.3 
I  2.4 
(2.6 
I  2.6 

f3.4 
)3.3 
(3.6 
)3.7 
3.7 


With  short  periods  of  digestion  the  resuUs  of  the  tests  were 
not  altogether  concordant,  but  with  periods  of  an  hour  or  more 
both  water  alone  and  with  lead  subacetate  gave  too  low  results. 
And,  aside  from  any  influence  on  the  polarization,  the  sodium 
carbonate  was  found  more  satisfactory  in  that  there  was  no  diffi- 
culty in  getting  a  clear  filtrate  when  using  it  and  taking  99  cc.  of 
the  solution  with  1  cc.  of  lead  subacetate  solution  of  54°  Brix 
for  the  polarization.  In  the  Hawaiian  Sugar  Chemists*  Associa- 
tion method  the  directions  specify  the  use  of  5  cc.  of  a  5%  solu- 
tion of  sodium  carbonate  to  50  grams  of  bagasse  in  450  grams 
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of  water.  Repeated  tests  with  different  quantities  of  soda  solu- 
tion showed  that  2  cc.  were  sufficient,  and  that  the  filtrate  was 
clearer  with  this  quantity  than  with  either  more  or  less.  In  those 
tests  in  which  either  water  alone  or  mixed  with  a  little  lead  sub- 
acetate  solution  were  used,  there  was  difficulty  frequently  fn 
getting  a  clear  filtrate  for  polarizing. 

EFFECT  OF  AGITATION  DURING  DIGESTION. 


It  is  a  common  practice  in  analyzing  bagasse  to  allow  the  diges- 
tion to  proceed  without  any  shaking  up  or  mixing  of  the  bagasse 
with  the  solution.  Working  in  this  way  the  writer  obtained 
quite  irregular  results. 

Fine  Sample. 

Polarization. 

1  hr.,  no   shaking 3  ^-^ 

/  3.6 

1  hr.,  shaken  frequently 3  ^.4 

(3.4 
Fine  Sample. 

Polarization. 
1  hr.,  shaken  frequently  .• 5  '*•? 

1  hr.,  no  shaking,  boiled  slowly |  3.9 

1  hr.,  no  shaking,  boiled  violently j  "^-^ 

Fine  Sample. 

Polarization. 

1 V2  hrs.,  shaken  frequently $  3.9 

/  0.9 

1  hr.,  no   shaking 3  3.9 

^  1 4.1 

Coarse  Sample. 

Polarization. 

1  hr.,  shaken  frequently 5  '^-^ 

'  ^  -^  J4.7 

1  hr.,  no   shaking )  '*-3 

'  '^  1 4.3 

The  results  from  the  fine  and  the  coarse  samples  were  contra- 
dictory. The  latter  may  have  been  due  to  the  difficulty  of  getting 
an  average  sample;  but,  as  good  duplicates  were  obtained,  the 
probability  is  that  the  extraction  was  uneven  on  account  of  the 
solution  not  being  mixed,  only  that  part  of  the  sample  where  the 
solution  was  agitated  by  the  boiling  being  thoroughly  extracted. 
The  result  was  the  same  with  the  fine  sample  when  the  boiling 
went  on  very  slowly,  but  when  the  boiling  was  violent  a  higher 
result  was  obtained  by  not  shaking — due  probably  to  the  concen- 
tration of  the  solution  outside  of  the  bagasse  particles  in  certain 
portions  of  the  mass. 
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EFFECT   OF   ADDING    WATER   AFTER   DIGESTION. 

In  the  method  of  determining  the  sugar  in  bagasse  by  hot  water 
digestion  either  no  attempt  is  made  to  keep  the  solution  at  the 
same  volume  or  it  is  kept  constant  by  using  a  condenser  or  by 
adding  water  after  the  digestion  is  completed. 

The  use  of  a  condenser  is  the  most  scientifically  correct  method, 
but  it  is  troublesome,  especially  if  the  solution  be  shaken  or 
otherwise  mixed  during  the  digestion,  as  it  should  be.  The  ob- 
jection sometimes  made  to  not  replacing  the  water  lost  by  evapo- 
ration is  that  the  solution  outside  of  the  bagasse  may  become 
concentrated  faster  than  it  mixes  with  tliat  within  the  bagasse. 
The  writer  believes  that  there  is  very  little  danger,  practically, 
of  an  error  from  this  source  if  the  solution  is  properly  mixed 
during  digestion  and  is  not  boiled  too  violently.  On  the  other 
hand  the  practice  of  making  the  solution  up  to  a  definite  volume 
after  digestion  may  lead  to  a  considerable  error,  especially  if  the 
sample  of  bagasse  is  coarse  and  the  solution  is  not  thoroughly 
shaken  up  after  the  addition  of  the  water.  In  the  tests  made  on 
this  point  the  samples  were  comparatively  finely  divided  and  the 
solutions  were  thoroughly  shaken  up  after  the  addition  of  the 
water,  but  even  under  these  conditions  the  results  were  low. 

Polarisation. 

{Solntion  plus  bag^asse  made  up  to  500  grams  after  digest-        (  3.4 
ing   1    hour (3.4 
Boiled  1  hour,  no  water  added (3.7 
I  3.7 

{Solution  plus  bagasse  made  up  to  500  grams  after  digest-         (  3.8 
ing  VI'  hour |  3.7 
Digested  %   hour,  warm  water S^-^ 

{Solution  plus  bagasse  made  up  to  500  grams  after  digest-         (  2.3 
ing   1    hour J  2.2 
Boiled  1  hour,  no  water  added (2.4 
I  2.4 

COMPARISON    BETWEEN    WATER  DIGESTION   AND   EXTRACTION    WITH 
AIXOHOL  AND  WITH  WATER. 

Polarization. 

f'^ater  digestion (2.6 

)2.6 
Normal  weight  extracted  4  hrs.  with  water,  Soxhlet  (  2.6 

extractor,  evaporated  to  100  cc |  2.6 

Water  digestion (  3-2 

Extracted  4  hrs.  water (  ^-^ 


Extracted  4  hrs.  alcohol. 
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Water  digestion 

Extracted  4  hrs.  water. . 
Extracted  4  hrs.  alcoh«l. 


Water  digestion 

Extracted  with  water     1   hour. 
'*  **         ''        2  hours. 


Water  digestion 

Extracted  with  water  30  min . . 

n              n  f  (      40    *  *    . . 

<  <              < (  ti      50    « *    . . 

**             ''  *'        1   hour. 


Water  digestion 

Extracted  with  water  50  min.. 

a  it  it       55     <»     .. 

*'  *'         *'        1   hour. 


Water  digestion 

Extracted  with  water  IV2  hours. 


Water  digestion 

Extracted  with  water  1^8  hours. 

r  Water  digestion 

I  Extracted  with  water  2  hours. . . 


{Water   digestion    
Extracted  with  water  l^s  hours. 


{Water  digestion  
Extracted  with  water  I14  hours. 
*<             **         **      2  hours... 


The  experiments  show  that  practically  the  same  results  are  ob- 
tained by  water  digestion  and  by  extraction  with  alcohol  or  water 
for  V/z  to  2  hours.  The  digestion  method  has  the  advantage  of 
being  the  most  convenient. 
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A   NEW   METHOD. 


The  results  of  all  the  foregoing  tests  would  indicate  that  the 
method  of  the  Hawaiian  Sugar  Chemists'  Association,  with  the 
addition  of  more  explicit  directions  for  preparing  the  sample, 
is  better  adapted  for  use  in  Hawaii  than  any  other  method  that 
has  been  proposed,  and  gives  as  correct  results  as  other  methods. 
The  weakest  point  in  the  method  is  the  small  reading  on  the 
polariscope,  which,  being  easily  liable  to  an  error  of  one  or  two- 
tenths,  may  lead  to  a  considerably  larger  error  in  the  calculated 
polarization.  This  defect  can  be  overcome  by  using  very  long 
polariscope  tubes  or  a  larger  sample  of  the  bagasse  for  digestion 
with  a  smaller  proportionate  amount  of  water.  The  first  means 
is  not  expedient  for  practical  work;  the  last  can  be  made  use  of 
without  difficulty,  with  the  proper  form  of  apparatus.  The 
writer  has  devised  and  tested  an  apparatus  in  which  100  grams 
of  bagasse  can  be  digested  with  such  an  amount  of  water  that  the 
polariscope  reading  in  a  200  mm.  tube  will  be  of  about  three- 
quarters  of  the  magnitude  of  the  polarization,  or  about  one  and  a 
half  times  the  polarization  in  a  400  mm.  tube.  With  a  bagasse 
of  a  polarization  of  four,  for  instance,  the  reading  would  be 
about  three  in  a  200  mm.  tube,  and  about  six  in  a  400  mm.  tube. 

When  a  small  amount  of  water  is  used,  the  solution  with  the 
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bagasse  in  it  cannot  be  heated  directly,  therefore  an  apparatus 
somewhat  similar  to  the  **double-cooker''  used  for  cooking  cereals 
was  adopted — see  Fig.  2. 

The  apparatus  consists  of  three  parts, — (A)  an  outside  cylin- 
drical vessel  for  boiling  water  in,  six  inches  (15  cm.)  in  height 
and  five  and  a  quarter  inches  (13  cm.)  in  diameter,  crimped  in 
at  the  top  so  that  the  inside  vessel  fits  into  it  snugly;  (B)  an  in- 
side cylindrical  vessel  for  digesting  the  sample  in,  four  and  a 
quarter  inches  (11  cm.)  in  height  and  four  and  a  quarter  inches 
(11  cm.)  in  diameter,  with  a  straight  handle  and  a  rolled  edge 
on  top,  upon  which  it  rests  in  the  outside  vessel;  (C)  a  tamp 
made  of  a  disc  of  heavy  metal  with  numerous  holes  in  it  and  a 
rigid  handle  for  pressing  down  on  the  bagasse.  The  latter  should 
fit  rather  tightly  into  the  inside  vessel,  so  it  may  serve  as  a  cover 
when  not  being  used  for  pressing.  With  ICO  grams  of  bagasse 
about  500  cc.  of  hot  water  containing  5  cc.  of  a  5*7f  solution  of 
sodium  carbonate,  should  be  used.  This  is  digested  for  an  hour — 
the  solution  being  mixed  every  fifteen  minutes  by  pressing  down 
with  the  tamp,  which  is  then  made  fast  at  the  top  of  the  vessel 
to  serve  as  a  cover  and  prevent  evaporation. 

In  comparison  with  the  Hawaiian  Chemists*  Association 
method,  using  50  grams  of  bagasse,  the  following  results  were 
obtained : 


^'eight  of  Bagasse. 
100  grams 

50       " 

Polariseope  Reading 

600  mm.  tube. 

16.1 

(    5.4 

)    5.4 

Polarization 

4.9 

(4.9 

H.9 

100  grams 
50       '' 

10.2 
f    6.4 
}    6.5 

4.8 
(4.8 

H.9 

100  grams 
50       " 

9.3 
C    3.9 
}    4.1 

3.6 
(3.6 
J3.6 

100  grams 
50       *' 

7.6 
(    3.7 
1    3.7 

3.6 
(3.6 
)3.5 

100  grams 
50       " 

9.2 
•    5.5 
1    5.6 

4.Q 
(4.6 

H.7 

100  grams 
50       '* 

10.4 
(    4.9 
1    4.7 

4.4 
(4.5 
|4.6 

100  grams 
50       *' 

9.9 
(    4.3 

1    4.8 

4.0 
(4.1 
J4.0 
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Weight  of  Bagasse. 
100  grams 

50       '' 

100  grams 

50       *' 

100  grams 
50       '* 

100  grams 
50       '[ 

100  grams 
50       '' 

100  grams 
50       ** 

100  grams 
50       ** 

100  grams 
50       ** 

Duplicate  readings  do  not  always  correspond  with  the  polariza- 
tions on  account  of  the  different  weights  of  solution  left  after 
digestion. 

By  systematizing  the  procedure  in  the  bagasse  analysis  with 
this  apparatus  it  would  no  doubt  be  possible  to  obtain  readings 
regularly  of  the  same  magnitude  as  the  polarization  in  the  200 
mm.  tube,  and  readings  of  twice  the  polarization  in  the  400  mm. 
tube.  Where  it  is  necessary  to  use  a  200  mm.  tube,  less  water 
could  be  used  for  the  digestion,  as  50  cc.  of  the  solution  would 
be  sufficient  for  polarizing. 

It  was  found  necessary  in  using  the  apparatus  to  add  all  the 
water  to  the  bagasse  at  one  time.  When  it  was  first  tested  the 
tamp  was  removed  each  time  after  using  and  the  adhering  solu- 
tion was  washed  off  into  the  digestion  vessel.  In  this  way  extra 
water  was  added  several  times,  and  the  results  were  low,  as  fol- 
lows: 

Weight  of  Sample.  Polarization. 

100  grams  3.3 

50       '*  5.1 

100  grams  3.3 

50       *'  4.0 


Polari scope   Reading 
600  mm.  tube. 

Polarization, 

9.0 

(    4.2 

4.0 

3.8 
(3.9 
(3.9 

9.2 

4.8 

3.8 
3.9 

8.2 
(    3.8 
1    4.0 

3.6 
53.6 
(3.6 

510.1 
/  10.2 
5    4.0 
(    4.7 

J  4.1 
(3.9 
(3.8 
(4.1 

10.3 
(    4.4 
(    4.2 

4.1 
(4.0 
(4.0 

10.3 
5    5.3 
(    5.0 

4.5 
(4.5 
i4.4 

13.5 

(    5.1 

5.1 

4.7 
(4.6 
(4.5 

11.5 
5.0 

4.6 
4.6 
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100 
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50 
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100 

grams 

50 
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100 

grams 

50 
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4.2 
U.5 
1 4.6 

3.4 
54.1 
(4.2 

2.6 
(3.4 
(3.5 

2.2 
(4.4 
I  4.3 

The  dimensions  of  the  vessel  in  which  the  digestion  is  made 
also  apparently  affect  the  results.  A  larger  apparatus  in  which 
200  grams  of  bagasse  could  be  digested  was  tried,  but  concordant 
results  were  not  obtained.  The  only  explanation  that  suggested 
itself  was  that  the  vessel  was  too  deep  and  the  column  of  solution 
too  long  for  proper  mixing  during  digestion.  The  correct  dimen- 
sions of  vessels  for  digesting  larger  samples  could  no  doubt  be 
found  by  experimenting,  but  since  the  use  of  larger  samples  would 
require  larger  scales  than  are  to  be  found  in  most  factory  labora- 
tories, it  was  not  thought  practically  advisable,  to  undertake  such 
experiments  at  this  time. 

Before  using  the  apparatus  in  actual  determinations  it  should 
be  tested  in  comparison  with  the  usual  method  in  order  to  deter- 
mine the  right  conditions  for  getting  correct  results. 

DETERMINATION  OF  MOISTURE. 

PREVIOUS   WORK. 

Verbeck^*  described  a  method  for  determining  the  moisture 
in  bagasse  in  which  duplicate  samples  are  dried  to  constant  weight 
in  an  air  bath  on  large  watch  glasses.     Very  few  details  are  given. 

In  a  method  devised  by  Nanninga  ^^  a  sample  of  four  or  five 
grams  of  bagasse  is  dried  for  an  hour  in  a  thin  glass  tube  placed 
in  a  water  oven,  with  air  dried  with  sulphuric  acid  passing  over 
it.  Numerous  tests  showed  that  the  sample  was  completely  dry 
in  an  hour,  whereas  it  took  seven  hours  to  dry  the  same  amount 
on  watch  glasses  in  the  same  oven.  A  very  similar  method  to 
this  has  been  quite  recently  described  by  Spencer ,^^  wherein  much 
larger  samples — 100  to  200  grams — are  used  and  the  air  drawn 
through  the  bagasse  is  heated  but  not  dried. 

In  the  methods  of  the  Hawaiian  Sugar  Chemists'  Association, 
1905,  the  determination  of  moisture  is  dismissed  with  the  brief 
statement:  "Moisture:  found  by  drying  to  constant  weight  at* 
100°  C." 
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Geerligs*^  in  his  Method  of  Analysis,  directs  that  20  grams 
be  dried  for  5  hours  at  100°  C.  in  a  shallow  dish.  He  considers 
it  very  important  that  the  temperature  shall  not  rise  much  above 
100°.  In  tests  made  by  the  writer — to  be  discussed  later — it 
was  found  that  samples  of  finely  divided  bagasse  could  be  heated 
for  seven  hours  at  125°  C.  without  any  change  taking  place  in 
it  sufficient  to  aflFect  its  moisture  free  weight. 

In  a  method  described  by  Spencer  ^^  two  kilograms  (four  and 
a  half  pounds)  of  bagasse  are  dried  to  constant  weight  in  a  bath 
heated  by  steam.  He  found  that  it  takes  about  24  hours  to  dry 
the  sample.  The  method  requires  a  special  drying  oven  and 
special  scales  for  this  determination  alone.  In  Davoll's  ^  method 
100  grams  of  bagasse  are  dried  in  a  shallow  tin  box  with  a  bot- 
tom of  80-mesh  sieve  to  constant  weight  at  110°  to  115°  C, 
which  require  six  hours. 

EXPERIMENTAL. 

The  three  factors  that  have  the  most  influence  on  the  moisture 
determination  are  the  thickness  of  the  layer  of  bagasse  when 
drying,  the  temperature,  and  the  length  of  time. 

A  common  form  of  container  used  in  factory  laboratories  for 
moisture  samples,  is  a  tin  box  about  four  inches  (10  cm.)  square 
and  the  same  depth.  They  are  used  in  this  shape  presumably 
on  account  of  their  convenience — certainly  not  because  they  are 
adapted  to  the  accurate  determination  of  moisture.  Comparative 
tests  with  boxes  of  this  form,  each  dimension  3 J/2  inches  (9  cm.) 
and  shallow  tin  trays,  5^  by  8  inches  (14  by  20  cm. )  with  sides 
34  in  ch  (2  cm.)  high  and  having  an  area  of  about  45  square 
inches  (280  square  cm.),  using  50  grams  bagasse,  gave  the  fol- 
lowing results : 


Percent 

Loss  in 

I  Weight. 

4hrs. 

5  hrs. 

6  hrs. 

Square     box 

125°  C. 

.44.0 

45.0 

46.0 

it                n 

125°  r. 

.46.0 

46.0 

46.0 

Shallow  dish 

125°  0. 

.46.0 

46.0 

46.0 

2hrs. 

3  hrs. 

4  hrs. 

5  hrs. 

Square  box 

125°  0. 

.30.0 

34.0 

42.0 

46.0 

ii           (I 

125°  C. 

.36.0 

40.0 

46.0 

46.0 

Shallow  dish 

125°  0. 

.46.0 

46.0 

46.0 

46.0 

2hrs. 

3  hrs. 

4  hrs. 

5  hrs. 

6  hrs. 

Square  box 

125°  C. 

.32.0 

38.0 

40.0 

44.0 

44.0 

H                    it 

125°  0. 

.36.0 

42.0 

44.0 

44.0 

44.0 

Shallow  dish 

125°  C. 

.44.0 

44.0 

44.0 

44.0 

44.0 

The  sample  in  the  square  box  that  dried  the  quickest  was  in 
each  case  in  the  hottest  part  of  the  oven — directly  over  the  flanie. 
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Percent  Loss  in  Weight. 


Ihr. 

2hr8. 

3hrs. 

4hrs. 

5hrs. 

6hr8. 

7hrs. 

Square    box    100-105'' C. 

.14.0 

22.0 

28.0 

34.0 

38.0 

42.0 

44.0 

*'       100-105"'C. 

.14.0 

24.0 

28.0 

34.0 

38.0 

42.0 

44.0 

Shallow  dish  lOO-lOS"*  C. 

.40.0 

46.0 

46.0 

48.0 

48.0 

48.0 

48.0 

125^0. 

.46.0 

46.0 

48.0 

48.0 

48.0 

48.0 

48.0 

Square  box      100-105*>  C.  .10.0 

18.0 

24.0 

32.0 

34.0 

**          *'     screen      bot- 

tom,          100-105"'C..f6.0 

24.0 

32.0 

38.0 

41.0 

Shallow  dish   100-105**  C.  .38.0 

45.0 

46.0 

46.0 

46.0 

''           **              125°  C. 46.0 

46.0 

46.0 

46.0 

46.0 

The  bottom  of  one  of  the  square  boxes  was  removed  and  re- 
placed with  fine  wire  gauze  which  allowed  a  circulation  of  air  up 
through  the  bagasse,  causing  it  to  dry  quicker : 

Per  Cent.  Loss  in  Weight. 
1  hr.     2  hrs.     3  hrs.    4  hrs.    5  hrs.     6  hrs.     7  hrs. 

37.0       42.0 

41.0  46.0 
46.0  46.0 
46.0       46.0 

f 

The  great  advantage  of  a  shallow  container  over  a  deep  one 
for  drying  the  bagasse  samples  is  very  evident  from  these  re- 
sults; and  on  account  of  the  considerable  length  of  time  that  it 
takes  to  completely  dry  the  samples  in  deep  containers  it  is  not 
at  all  improbable  that  low  results  are  being  obtained  in  some 
cases  where  this  form  is  being  used. 

EFFECT    OF    TEMPERATURE. 

The  results  given  above  show  a  considerable  difference  in  the 
length  of  time  necessary  to  dry  the  samples  at  125°  C.  and  at 
100-105°  C.  in  both  the  shallow  and  deep  form  of  container. 
There  is  an  advantage  therefore  in  drying  at  the  higher  rather 
than  the  lower  temperature,  if  they  give  equally  correct  results. 
No  deleterious  effect  from  keeping  the  sample  at  125°  C.  for 
seven  hours  was  found.  Other  results  have  been  obtained  show- 
ing that  some  samples  of  bagasse  can  be  heated  for  four  hours 
at  140°  C.  without  decomposition  sufficient  to  affect  practically 
the  determination  of  the  per  cent,  of  moisture.  Other  samples, 
however,  were  more  affected  at  this  high  temperature,  so  that  it 
is  not  safe  to  heat  above  125°  C.  All  the  tests  were  made  in 
shallow  dishes. 

Percent  Loss  in 
Time.  Temperature.  Weight. 

6^  hrs.  100-105°  C.  47.0 

2        '*  125"'  C.  47.0 

4  hrs.  100-105°  C.  46.6 

2    "  125°  C.  46.4 

4    *'  125°  C.  46.6 
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4  hrs. 
7  " 
2  " 
4  ** 

100-105  •» 

100105  *» 

125^ 

125'* 

C. 
0. 
C, 
C. 

46.0 
46.6 
47.0 
47.0 

7   hrs. 
2  " 
4  " 

lOOllO' 

no** 

110.125' 

C. 
C. 
C. 

49.0 
48.6 
49.0 

4  hrs. 
7  *' 
2  '* 
4  ** 

100-105  •» 
100-105 '^ 
125** 
1:J5 

C. 
C. 
C. 
C. 

47.0 
47.0 
47.0 
47.0 

6  hrs. 
214  br^ 
3  hrs. 

100-105  •» 
ISO** 
ISO' 

C. 

42.0 
42.0 
42,0 

4  hrs. 
7  *' 
2  '' 
4  *' 

100-105  *» 

100-105* 

130* 

130* 

c. 
c. 
c. 
c. 

46.6 
47.0 
47.0 
47.6 

4  hrs. 
2  «• 
4  " 

100-105  •» 
130* 
130' 

c. 
c. 
c. 

48.6 
49.0 
49.0 

4  hrs. 
2  '* 
4  " 

100-105' 
125' 
130' 

c. 
c. 
c. 

47.6 
48.0 
48.0 

5  hrs. 
2  '* 
5  '• 

100-105' 
130' 
130' 

c. 
c. 
c. 

47.6 
47.6 
47.6 

4  hrs. 
7  *' 
2  ** 
4  '* 

100-105' 

100-105' 

140' 

140' 

c. 
c. 
c. 
c. 

48.4 
48.4 
48.4 
48.4 

4  hrs. 

7  ** 
2  ** 
4  '• 

93' 

93' 

135- 

135-140' 

C.  (Vacuum) 
C.  (Vacuum) 
C. 
C. 

47.0 
47.0 
47.0 
47.4 

On  account  of  the  considerable  length  of  time  that  it  takes  to 
completely  dry  some  samples  of  bagasse  in  an  ordinary  air  bath 
at  temperatures  as  low  as  100'^  to  105°  C,  there  is  a  greater 
chance  of  failing  to  drive  out  all  of  the  moisture  by  not  heating 
long  enough  or  high  enough  than  of  decomposing  the  bagasse 
by  heating  too  high. 

DRYING   IN   A  VACUUM. 

No  advantage  in  the  saving  of  time  was  found  in  drying  the 
bagasse  in  a  vacuum.      According  to  the  results  obtained,  the 
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shortest  period  of  time  that  can  be  relied  on  for  drying  in  a 
vacuum  at  100°  C.  is  three  hours,  which  is  the  same  length  of 
time  that  it  takes  to  dry  the  sample  at  125°  C.  in  an  ordinary  air 
bath. 

Percent  Iioss 
in  Weight. 

Air  Bath,  2       hrs.,  135**  C 47.0 

Vacuum    Oven,  4       hrs.,  25    in.,  93**  C 47.0 

<'  '*       7         '*     25    *'     93'  C 47.0 

Air  Bath  3       hrs.,  125''  C 45.« 

Vacuum   Oven,  4         "    27    in.,  85*»  C 45.6 

'*  "       7         **     27     '*     85**  C 45.6 

Air  Bath,  3       hrs.,  125*  C 46.6 

"       ''  7         **     125"'  C 47.0 

Vacuum    Oven,  3         *'     27*4    in.,  85*»  C 46.6 

*'  '<        7         "     27^     **     85**  C 47.0 

Vacuum    Oven,  2       hrs.,  261/^  in.,  100**  C 44.6 

"  **       2^     ''     26%*'     100**  C 46.0 

'<  "       3         **     26^**     100**  C 46.0 

*'  **       31/^     ''     26%''     lOO*"  C 46.6 

"  '*       4         *'     26%  "     lOO**  C 46.6 

''  "       5         **     26%'*     100°  C 46.6 

Vacuum   Oven,  2       hrs.,  26  in.,  300°  C 45.0 

"  "       3         "     26"     100°  C 45.6 

"  "       4         "     26"     100°  C 45.6 

"  "       5         "26"     100°  C 45.6 

Vacuum    Oven,  1%  hrs.,  25-27  in.,  100°  C 46.0 

"  "       2         "     25-27"     100°  C 47.0 

"  "        2%     "     25-27"      100°  C 47.0 

"  "       3         "     25-27  "     100°  a 47.0 

"  "       3%     "     25-27"     100°  C 47.0 

"  "       4%     "     25-27  "     100°  C 47.0 

Vacuum   Oven,  1       hr.,    27%  in.,  100°  C 45.0 

"  "       1%  hrs.,  27%  "      100°  C 46.6 

"  "       2         "     27%"     100°  C 47.0 

"  "        2%     "     27%*'      100°  C 47.0 

"  "       3         "     27%"     100°  C 47.0 

Vacuum   Oven,  1%  hrs.,  27%  in.,  100°  C 44.0 

"  "        2         "     27%"      100°  C 44.0 

"  "        2%     "     27l^  "      100°  C 44.0 

"  "       3         "     27%"     100°  C 44.0 

Vacuum    Oven,  2%  hrs.,  28  in.,  100°  C 44.6 

"  "       3         "     28"     100°  C 44.6 

Vacuum   Oven,  1       hr..    28  in.,  100°  C 33.0 

"  "       1%  hrs.,  28  "     100°  C 43.0 

"  "        2         "     28"      100°  C 47.0 

"  "        2%     "     28"      100°  C 47.0 
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METHOD  SUGGESTED  FOR  THE  SAMPLING  AND  THE  DETERMINATION 
OF  MOISTURE  AND  SUGAR  IN  BAGASSE. 

Based  on  the  results  of  all  the  foregoing  experiments,  the  fol- 
lowing method  is  suggested  for  the  accurate  sampling  and  deter- 
mination of  moisture  and  sugar  in  bagasse.  Sampling:  Once 
an  hour  take  a  sample  of  the  bagasse  immediately  as  it  leaves  the 
last  mill,  for  the  full  length  of  the  roller  and  the  full  depth  of 
the  bagasse  blanket — about  a  kilogram  in  all.  Mix  thoroughly 
with  the  hands  for  half  a  minute  in  a  deep  vessel  to  prevent 
evaporation  of  the  moisture.  Discard  about  half  of  it,  cover  the 
vessel  and  take  the  rest  to  the  laboratory.  Chop  the  whole  sam- 
ple, a  portion  at  a  time,  so  that  no  piece  over  a  quarter  of  an 
inch  (6  mm.)  in  diameter  is  left. 

Determination  of  Moisture. — ^Weigh  out  an  amount  of  bagasse 
equal  to  50  or  100  grams  of  the  sample  before  chopping,*  on  a 
shallow  tray  three-quarters  of  an  inch  (2  cm.)  or  less  in  depth. 
Heat  in  an  air  bath  at  125°  C.  for  three  hours.  Weigh  quickly. 
Calculate  the  per  cent,  moisture  from  the  loss  in  weight. 

Determination  of  Sugar. — Weigh  out  an  amount  equal  to  100 
grams  of  the  original  bagasse  into  the  inner  digestion  cup  of  the 
apparatus  described  on  page  25.  Add  500  cc.  of  hot  water  con- 
taining 5  cc.  of  a  5%  solution  of  sodium  carbonate.  Press  the 
bagasse  down  into  the  solution,  and  place  the  cup  in  the  outside 
vessel  containing  boiling  water.  Digest  for  an  hour,  mixing  the 
solution  with  the  bagasse  every  15  minutes  by  pressing  down  with 
the  tamp,  and  using  the  latter  for  a  cover  for  the  digestion  cup 
between  times.  Allow  the  mixture  to  cool  a  little  and  weigh. 
Filter  as  much  of  the  solution  as  can  be  pressed  out  of  the  bagasse 
through  cheesecloth  into  a  flask,  cool  to  laboratory  temperature, 
pour  99  cc.  of  the  solution  into  a  100  cc.  flask ;  make  up  to  100  cc. 
with  lead  subacetate  solution,  filter  and  polarize  in  a  400  mm. 
tube.  Find  from  Table  I  the  polarization  of  the  bagasse  corre- 
sponding to  the  reading.  If  a  200  mm.  tube  is  used,  the  reading 
is  to  be  doubled. 

If  the  special  apparatus  is  not  used  for  digesting  the  bagasse, 
weigh  out  the  equivalent  of  50  grams  of  the  sample  into  a  quart 
cup  or  pot  with  cover,  add  500  cc.  water  containing  2  cc.  of  a  5% 
sodium  carbonate  solution,  boil  gently  for  an  hour,  stirring  the 
solution  thoroughly  every  15  minutes  and  proceed  as  above,  using 
Table  II  to  find  the  polarization. 

Tables  I  and  II  are  calculated  from  the  formula : 

R  (W  — f) 
=  Polarization. 


2  X  3.8  X  100 


*  Determined  by  actual  trial  as  described    on  page  8. 
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K  =  Polariscope  reading  in  a  400  mm.  tube. 

W=  Weight    of    bagasse   -|-   solution,    corresponding    to    100    grams 
bagasse, 
f  =  Per  cent,  fiber  in  bagasse. 

The  latter  is  taken  as  fifty,  there  being  very  little  difference  in 
the  results  with  the  usual  variations  in  the  fiber. 

CONCLUSIONS, 

1.  The  careful  sampling  is  of  more  importance  than  any  other 
part  of  the  process  of  the  analysis  of  bagasse. 

2.  No  entirely  satisfactory  method  of  preserving  bagasse  has 
been  found ;  it  had  therefore  best  be  analyzed  soon  after  it  is  col- 
lected. 

3.  The  bagasse  sample  loses  considerable  moisture  during  the 
chopping,  which  should  be  taken  account  of  in  weighing  samples 
for  analysis. 

4.  In  determining  the  polarization  of  bagasse  by  digestion  in 
water,  the  digestion  should  be  continued  for  an  hour  to  insure 
a  homogeneous  diffusion  of  the  solution  through  the  bagasse. 

5.  No  other  dextro-rotatory  substance  than  sugar  is  extracted 
or  produced  from  bagasse  from  Hawaiian  cane  by  boiling  with 
water. 

6.  Bagasse  cannot  be  sampled  or  analyzed  accurately  unless 
finely  divided. 

7.  Two  cubic  centimeters  of  a  5%  solution  of  sodium  car- 
bonate to  50  grams  of  bagasse  was  found  to  be  the  most  con- 
venient reagent  to  use  in  the  water  for  digestion. 

8. ,  In  digesting  bagasse  in  water  the  solution  should  be  mixed 
occasionally  to  insure  a  homogeneous  diffusion. 

9.  No  water  should  be  added  to  the  solution  after  digestion. 

10.  The  same  results  are  obtained  by  water  digestion  for  1 
hour  and  by  extraction  with  alcohol  or  water  for  1^  to  2  hours. 

11.  A  new  method  for  determining  the  sugar  in  bagasse  is 
suggested,  by  which  a  larger  polariscope  reading  is  obtained, 
thereby  reducing  the  error  from  this  source. 

12.  Bagasse  samples  dry  very  much  more  quickly  when  spread 
out  in  a  thin  layer  than  in  thick  masses.  A  three-inch  layer  of 
bagasse  cannot  be  depended  upon  to  have  lost  all  its  moisture  in 
seven  hours  at  100-105°  C. 

13.  Bagasse  can  be  dried  safely  at  125°  C.  in  three  hours. 

14.  Some  samples  of  bagasse  do  not  lose  all  their  moisture 
when  dried  in  a  vacuum  at  100^  C.  in  less  than  three  hours. 

15.  A  method  is  suggested  for  the  sampling,  and  the  deter- 
mination of  sugar  and  moisture  in  bagasse,  based  on  the  results 
of  the  investigation. 
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POLARIZATION  OF 
Weight 


TABLE  I. 
BAGASSE  WITH  100  GRAM  SAMPLE. 
of  Solution  plus  Bagasse, 
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LETTER  OF  TRANSMITTAL- 


To  the  Experiment  Station  Committee  of  the 
Hawaiian  Sugar  Planters'  Association, 
Honohilu,  Hawaii. 

Dear  Sirs : — I  herewith  submit  for  pubhcation,  as  Bulletin  No. 
33  of  the  Agricultural  and  Chemical  Scries,  an  article  by  Mr.  S. 
S.  Feck,  Chemist,  entitled:  "Sulphate  Scale  in  Evaporators." 

Yours  very  truly, 

C.  F.  ECKART, 

Director. 
Honolulu,  Hawaii,  August  3,  1910. 
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SULPHATE  SCALE  IN  EVAPORATORS. 


By  S.  S.  Peck. 


In  Bulletin  21,  Agricultural  and  Chemical  Series,  of  this  Sta- 
tion, dealing  with  incrustations  on  tubes  of  evaporators,  the  dis- 
tinction was  made  of  three  kinds  of  scale ;  viz.,  silicate,  sulphate, 
and  phosphate.  Suggestions  were  made  whereby  the  trouble  due 
to  the  last  could  be  largely  mitigated.  This  bulletin  will  treat  of 
investigations  into  a  method  whereby  the  amount  of  sulphate 
scale  can  be  considerably  diminished. 

During  the  early  part  of  the  season  of  1910,  one  of  the  factories 
on  these  islands  experienced  considerable  trouble  on  account  of 
excessive  scale  formation,  the  work  of  the  mill  being,  on  that  ac- 
count, seriously  affected.  Samples  of  the  scales  from  the  three 
cells  of  the  evaporating  apparatus  and  a  sample  of  the  juice  from 
which  the  scales  originated  were  forwarded  to  this  Station  for 
analysis  and  experiment  in  treatment  of  the  juice.  The  incrus- 
tations from  the  first  and  second  bodies  were  of  a  brown  to  black 
color  and  of  a  loose,  friable  nature ;  that  from  the  third  was  al- 
most white  in  color,  of  a  hard,  dense  texture  and  laminate  struc- 
ture, which  are  characteristics  we  have  learned  to  associate  with 
sulphate  scale.  The  analyses  of  these  scales  gave  results  as  fol- 
lows : 

Analysis  of  Scale  from  Three  Cells  of  Triple  Effect. 

1st  Body.  2d  Body.  3d  Body. 

Mineral  Matter 66.95        59.06        72.90 

Organic  Matter. . . .' 33.05        40.94        27.10 

Analysis  of  Mineral  Matter. 

1st  Body.  2d  Body.  3d  r>ody. 

Silica 1.64  24.33  2.06 

Iron  and  Aluminum  ( )xides 2.89  1 .43  .13 

Lime 45.40  35.93  40.87 

Magnesia 1.72  3.88  ,Z7 

Phosphoric  Acid 40. 10  20. 58  1 .81 

Sulphuric  Acid 3.74  9.59  53.59 
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The  scale  in  the  first  body  is  a  phosphate  scale;  that  in  the 
third,  a  sulphate;  and  that  in  the  second,  intermediate  in  these 
respects,  but  considerably  higher  in  silica.  The  principal  trouble 
in  the  factory  from  which  these  scales  came  arose  in  the  third 
body,  where  the  incrustation  consisted  of  66.4  per  cent  of  cal- 
cium sulphate,  this  salt  composing  91 . 1  per  cent  of  the  mineral 
matter.  The  sulphate,  as  also  the  phosphate  of  calcium  are  as 
stated  by  Ware,*  very  bad  conductors  of  heat ;  **When  only  one 
millimeter  (one  twenty-fifth  of  an  inch)  in  thickness  on  the  tubes 
of  an  eflFect,  they  can  destroy  the  evaporating  capacity  of  the  eva- 
porators." Since  as  much  as  700  pounds  of  scale  were  removed 
from  the  tubes  of  the  third  effect  after  a  week's  operation,  it  is 
easy  to  understand  the  difficulty  under  which  the  factory  was 
operating. 

One  possible  means  by  which  sulphuric  acid  could  be  introduced 
into  the  mill  juice  is  through  the  lime  used  for  clarification. 
Analysis  of  the  lime,  a  sample  of  which  accompanied  the  scale 
samples,  showed  it  to  be  of  a  superior  quality,  containing  but  .02 
per  cent  sulphuric  acid.  The  juice  on  analysis  gave  the  follow- 
ing results : 

Brix 16.68 

Polarization 13 .  25 

Purity  .'. 79.45 

Total  Ash 4 .  502  grams  per  liter 


Insoluble  Ash 

2.518 

Soluble  Ash 

1.984 
.620 

Lime 

Phosphoric  Acid . . . 

.651 

Sulphuric  Acid .... 

.974 

SiHca  

.434 

Iron  and  Aluminum 

Oxides . . . 

.054 

In  Bulletin  21  it  was  shown,  that  basing  calculations  on  the 
solubility  of  calcium  sulphate  in  sucrose  and  water,  a  juice  con- 
taining .339  gram  of  that  salt  per  liter  might  be  expected  to  de- 
posit a  sulphate  scale.  In  this  case  we  have  to  handle  a  juice 
containing  over  two  and  a  half  times  as  much  of  this  material, 
and  it  might  reasonably  be  expected  that  such  a  juice  would  de- 
posit that  much  more  scale,  provided  sufficient  lime  is  present  to 
combine  with  the  sulphuric  acid. 

In  addition  to  the  raw  juice  sample,  one  of  clarified  juice  was 
also  sent.     This  juice  gave  the  following  analysis,  the  results  be- 

♦Ware's  "Beet-Sugar  Manufacture  and  Refining,"  Vol  II. 
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ing  fig^ired  to  the  same  density  as  the  raw  juice,  and  reported  as 
grams  per  hter. 

Total  ash 4.238  Lime 699 

Tnsohible  ash 1 .030  Phosphoric  acid. .    .067 

Sokible  ash 3.208  Sulphuric  acid. . .  1 .453 

This  analysis  explains  fully  the  cause  of  the  formation  of  large 
(|uantities  of  sulphate  scale.  In  such  a  juice,  after  combining  the 
phosphoric  acid  with  lime,  there  is  left  sufficient  of  the  latter  to 
form  1.5  grams  of  calcium  sulphate  in  a  liter  of  juice.  This 
amount  is  evidently  considerably  in  excess  of  that  which  obtains 
in  juices,  as  it  approaches  the  saturation  point  of  calcium  sulphate 
in  sugar  and  salt  solutions,  which  is  given  in  Bulletin  21  as  1.883 
grams  in  a  liter  of  water  containing  sugar  and  potassium  chlo- 
ride, at  100^  C.  If  such  an  extreme  amount  occurred  in  the 
juice,  we  would  expect  to  find  considerable  scale  containing  a 
fairly  high  proportion  of  calcium  sulphate  in  the  first  body  of  the 
effect ;  on  the  contrary,  in  practice  the  scale  formation  is  not  very 
great  in  this  cell,  and  the  incrustation  formed  contains  but  a 
small  percentage  of  calcium  sulphate.  If  it  is  presumed  that  the 
clarified  juice  contains  one  gram  of  calcium  sulphate  per  liter,  the 
amount  of  scale  possible  from  the  evaporation  of  such  a  juice  may 
be  roughly  approximated  as  follows:  400,000  gallons  of  juice, 
which  is  the  average  weekly  work  of  the  factory  in  question, 
containing  one  gram  of  calcium  sulphate  per  liter,  will  have  in 
solution  3331  pounds  of  that  material.  The  average  of  nine 
molasses  from  the  Island  of  Hawaii  gives  an  analysis  as  follows:* 

Density 1 .  464 

Brix   87.0 

Lime 1 .  334  percent 

Sulphuric  Acid 1.431       " 

Phosphoric  Acid 273       " 

After  combining  the  phosphoric  acid  with  lime,  giving  8.73 
grams  lime  phosphate  per  liter,  there  is  enough  of  the  lime  left 
to  combine  with  all  of  the  sulphuric  acid,  and  would  indicate 
2.433  grams  of  the  sulphate  of  calcium  in  100  g^rams  of  molasses, 
or  35.62  grams  per  liter.  From  the  annual  synopsis  of  mill  data 
of  1909  it  may  be  assumed  (1)  that  there  are  30  gallons  of  mo- 
lasses produced  per  ton  of  manufactured  sugar:  (2)  that  it  takes 

♦Bulletin  18,  Experiment  Station,  H.  S.  P.  A.,  Agricultural  and 
Chemical  Series. 
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8.5  tons  of  cane  (Yellow  Caledonia)  to  produce  a  ton  of  sugar; 
and  (3)  that  for  each  ton  of  cane  there  enters  into  manufacture 
one  ton  of  clarified  juice.  From  these  data  it  is  calculated  that 
400,000  gallons  of  juice  of  1')  Brix  and  weighing  1776  tons  would 
pioduce  6270  gallons  of  molasses  which  would  contain,  in  solu- 
tion and  suspension,  at  the  rate  of  35.62  grams  per  liter,  1860 
pounds  of  lime  sulphate,  leaving  1471  pounds  to  be  deposited  as 
scale  in  the  effects.  The  mill  in  question  reports  an  actual  removal 
of  700  pounds  of  scale,  which  by  analysis  gives  464  pounds  of  lime 
sulphate  from  the  third  eflPect;  whilst  both  the  other  bodies  con- 
tained a  further  quantity  of  that  material,  but  in  greatly  inferior 
amounts. 

Another  interesting  point  is  a  statement  in  the  communication 
of  the  manager  of  the  mill  that  w^hen  more  lime  was  added  more 
scale  was  formed.  The  table  of  analysis  of  the  clarified  juice 
explains  this.  There  is  lime  enough  present  to  combine  with 
only  .885  gram  of  the  sulphuric  anhydride  present  in  a  liter  of 
the  juice,  leaving  .568  gram  combined  with  the  magnesium  and 
alkali  salts.  Consequently  if  more  lime  is  added,  more  lime  sul- 
phate will  be  produced. 

Two  methods  suggest  themselves  for  correcting  the  trouble  due 
to  the  formation  of  sulphate  scale,  the  use  of  barium  salts  or  so- 
dium carbonate  in  the  juice  during  clarification.  The  first  treat- 
ment removes  the  sulphuric  acid  by  precipitation  from  the  juice 
as  sulphate  of  barium ;  but  the  method  is  open  to  grave  objections 
on  account  of  the  poisonous  nature  of  the  salts  of  barium  and  the 
danger  of  accidentally  introducing  them  into  products  intended 
for  human  consumption.  The  addition  of  sodium  carbonate  in 
conjunction  with  lime  to  a  juice  may  be  expected  to  have  one  of 
two  actions.  1°.  If  not  enough  lime  is  supplied  the  juice  to 
produce  an  alkaline  or  neutral  reaction,  considerable  of  the  phos- 
phoric acid  would  not  be  removed,  although  there  is  sufficient  lime 
to  combine  with  all  the  phosphoric  acid  remaining.  This  is  due 
partly  to  the  solubility  of  phosphate  of  lime  in  sugar  and  salt  so- 
lution,* but  more  largely  to  the  increased  solubility  of  lime  phos- 
phate in  an  acid  liquid.  If  to  such  a  liquid  sufficient  sodium  car- 
bonate is  added  to  produce  alkalinity,  the  lime  phosphate  would  be 
largely  or  almost  entirely  rendered  insoluble  and  removed  from 
the  juice  in  the  clarifier  settlings.  2°.  If  lime  is  added  in  suffi- 
cient quantity  to  produce  the  alkalinity  necessary  for  the  removal 
of  the  larger  proportion  of  the  phosphates,  there  is  always  then 
an  excess  of  lime  sufficient  to  produce  trouble  in  juices  similar  to 


•See    Bulletin    21    Experiment    Station,  H.  S.  P.  A.,  Agricultural 
and  Chemical  Series. 
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that  under  consideration,  i.  e.,  the  formation  of  Hnie  sulphate. 
When  sochuin  carbonate  is  added  to  a  sokition  of  the  Hme  sul- 
phate, a  double  reaction  takes  place,  calcium  carbonate  and  sodium 
sulphate  resulting.  When  juice  with  lime  in  excess  for  clarifi- 
cation and  a:  high  content  of  sulphuric  acid  is  treated  with  the 
sodium  carbonate,  the  insoluble  calcium  carbonate  will  settle  out 
in  the  clarifiers,  only  an  unimportant  amount  being  retained 
in  solution  in  the  juice.  The  sodium  sulphate,  being  very  soluble, 
will  continue  through  the  course  of  manufacture  into  the  final 
molasses.  Whilst  the  unnecessary  introduction  of  foreign  soluble 
salts  into  the  juice  is  usually  to  be  avoided,  it  is  not  thought  that 
sodium  sulphate  will  have  any  serious  eflfects.  Koehler  is  quot- 
ed as  finding  that  ^'certain  salts,  notably  sulphate  of  soda,  chloride 
of  calcium,  and  sulphate  of  magnesia  even  possess  the  property  of 
causing  the  precipitation  of  a  considerable  proportion  of  the  sugai 
in  solution  in  the  liquid."* 

The  use  of  sodium  carbonate  in  addition  to  lime  has  been  ad- 
vised, although  not  as  a  corrective  for  scale.  Geerligs  writes -.f 
**It  happens  in  many  cases  that  cane  juice  has  an  acid  reaction,  al- 
though sufficient  lime  has  been  added  to  precipitate  all  impurities. 
It  is  not  advisable  to  evaporate  such  acid  juices,  and  they  should 
therefore  be  neutralized,  which  may  be  effected  during  defecation 
or  afterwards  on  elimination  of  the  settled  juice.  Until  a  few 
years  ago,  lime  was  exclusively  used  for  this  neutralization,  but 
as  lime  salts  always  cause  more  trouble  during  the  subsecjuent 
operations  than  soda  salts,  soda  has  been  adopted  for  this  purpose, 
r^or  purifying  purposes  lime  is  of  course,  the  indispensable  agent.'' 

The  effect  of  sodium  carbonate  and  sodium  bicarbonate  as  addi- 
.  tions  to  lime  as  clarifving  media  was  studied  with  the  raw  juice 
accompanying  the  scale.  Two  hundred  cubic  centimeter  lots 
were  clarified  with  lime  alone  and  with  lime  and  soda  salts.  The 
lime  was  made  into  a  milk,  which  was  found  by  titration  to  con- 
tain .093  gram  of  calcium  oxide  in  lU  cc.  The  sodium  salts  were 
(Hssolved  in  distilled  water  to  normal  solutions,  10  cc.  of  the  car- 
bonate solution  therefore  containing  .53  gram  of  the  dry  salt  and 
the  bicarbonate  .42  gram.  For  convenience  of  reference  and 
comparison  all  the  results  and  cjuantities  have  been  calculated  to 
a  liter  basis.     The  following  is  the  description  of  the  tests : 


♦The  Sugar  Cane,  April,  1907. 

tCane  Sugar  and  its  Manufacture,  H.  C.  Prinsen  Geerligs. 
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rlarifyhig  Af?ent  per 

Liter 

Reaction 

— 

NumbtT 

Milk 

of 

Lime 

Normal 

Sodium 

Carbonate 

0 
10  CC. 
23  cc. 
23  cc. 

0 

0 
10  cc. 
23  cc. 

0 

0 

Normal 

Sodium 

Bic«r!>onate 

Settled 

1 

2. 

s'.'.'.'.'.'.'.'.'. 

4 

3 

6 

23  CC. 

23  CC. 
23  cc. 
23  cc. 
23  cc. 
50  cc. 
30  cc. 
30  cc. 
30  cc. 
30  cc. 

0° 

0 

0 
23  cc. 

0 

0 

0 
23  cc. 
23  cc 

acid 
alkaline 

slowly 

fairly 

quickly 

slowly 
quickly 

7 

8 

^i 

9 

»» 

10 

IXK)rly 

It  was  found  that  3  cc.  of  the  milk  of  lime  to  200  cc.  juice  left 
the  juice  with  an  acid  reaction,  whilst  10  cc.  made  it  distinctly  al- 
kaline, lK)th  to  litmus  and  phenolphthalein.  The  juice  was  limed 
cold,  and  the  soda  salts  added  at  once  with  the  exception  of  tests 
4  and  10.  The  juice  was  heated  and  allowed  to  boil  exactly  two 
minutes.  In  the  cases  of  4  and  10,  the  juice  after  liming  was 
brought  to  a  boil,  the  soda  salt  added,  and  the  boiling  continued 
for  two  minutes.  The  only  difference  observed  in  these  two  treat- 
ments was  that  the  rate  of  settling  in  10  wdiere  the  bicarboiwte  was 
added  after  the  limed  juice  was  at  the  boiling  temperature  was 
nuich  slower  than  when  both  the  lime  and  bicarbonate  were  added 
in  the  cold.  Between  3  and  4  no  difference  in  settling  was  ob- 
scr\'ed ;  and  as  will  appear  from  the  analytical  results  which  fol- 
low, in  neither  instance  was  there  any  noticeable  effect  produced 
in  regard  to  mineral  matter  removed  from  the  juice. 

After  having  boiled  the*  requisite  time,  the  precipitate  was  al- 
lowed to  settle,  and  observations  made  as  to  the  rate  thereof.  It 
was  then  filtered  through  ashless  paper,  and  the  filtrate  cooled 
and  analyzed.  The  residue  w^as  transferred  to  the  paper  with  the 
least  possible  amount  of  water  required  for  that  purpose,  dried, 
weighed,  and  then  incinerated.  The  weight  of  the  ash  gave  the 
amount  of  mineral  matter  removed  by  each  method  of  clarifica- 
tion. 

The  juices  after  cooling  were  first  polarized  and  the  density 
determined  by  pyknometer.  In  the  following  table  are  given  the 
Brix,  (found  from  the  density),  the  sucrose,  and  purity. 
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TABLE  I. 


X  umber 

Brix 

Sucrose 

Purity 

1 

16.68 
17.44 
16.85 
16.84 
16.35 
16.55 
16.15 
16.31 
16.18 
16.02 

13.3 
14.0 
13.4 
13.5 
13.2 
13.3 
13.0 
13.0 
13.0 
12.9 

79.73 

2 

5.................... 

80.28 

79.52 

4 

80.16 

5 

80.73 

6 

7 

80.36 
80.49 

8 

79.70 

9 

80.34 

10 

80.52 

The  extreme  variation  in  purity  is  1 .21,  test  5  having  the  high- 
est, 80.73,  and  test  3  the  lowest,  79.52,  practically  the  same  as  in 
the  original  material.  As  will  be  seen  later,  the  purity  results  have 
no  relationship  with  the  amounts  of  materia]  removed,  and  we 
are  inclined  to  believe  that  the  irregularities  are  partly  accidental, 
due  to  the  varying  length  of  time  necessary  for  the  filtration  of 
the  individual  tests. 

The  amounts  of  material,  total,  organic,  and  mineral  removed 
from  a  liter  of  juice,  are  given  in  Table  II.  It  will  be  remember- 
ed that  these  residues  were  washed  only  by  the  small  amount  of 
water  necessary  to  transfer  the  precipitates  to  the  paper,  and  the 
organic  matter  therefore  represents  a  certain  amount  of  sugars 
and  soluble  non-sugars. 

TABLE  II. 

Material  Removed  from  One  Liter  of  Juice  in  Cirams. 


Number 

Total 

-1 
Organic 

[ ■ 

Mineral 

1 

■> 

6.6525 
8.3125 
8.4335 

10.59.S0 

10.0515 
7.3405 

10.1300 
9.0900 
9.8985 

10.16+0 

5.9810 
7.0715 
6.7865 
8.7700 
8.6535 
6.0565 
8.1315 
7.1385 
8.0830 
8.5465 

.6715 
1.2410 

3 

4 

5 

6 

7 

8 

1.6470 
1.82.^0 
1.3980 
1.2840 
1.9<;85 
1.9515 

.  9 

10 

1.8155 
1.6175 
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r>y  comparing  test  1  with  tests  2,  3,  4,  and  3,  where  25  cc.  of 
milk  of  Hme  were  added :  and  test  6  with  7.  8,  9  and  10,  where 
twice  the  Hme  was  used,  it  will  l)e  seen  that  the  addition  of  soda 
to  the  lime  increased  the  amount  of  hoth  the  mineral  and  organic 
matter  removed  from  the  juice.  Increasing  the  amount  of  soda 
carbonate  in  the  25  cc.  lime  series  from  10  cc.  to  25  cc.  augmented 
the  (juantity  of  mineral  matter  removed.  In  the  50  cc.  series,  on 
the  contrar\\  such  an  increase  caused  a  slight  drop.  Slight  irre- 
gidarities  in  the  results,  however,  are  not  to  be  considered  as  ac- 
tual differences  for  two  reasons :  P,  the  juice,  being  raw,  unfilter- 
ed  juice,  was  full  of  suspended  impurities,  and  in  transferring  the 
200  cc.  to  each  beaker  for  clarification,  the  amount  of  such  sus- 
l)ended  matter  in  each  test  would  not  be  absolutely  the  same ;  and 
2^,  the  lime  was  added  from  a  5  or  10  cc.  pipette,  and  although 
the  stock  milk  of  lime  was  thoroughly  shaken  each  time  before 
being  drawn  into  the  pipette,  there  was  always  a  possibility  of 
slight  differences  in  the  amount  of  lime  added. 

The  clarified  juices  were  analyzed  for  total  and  insoluble  ash, 
phosphoric  acid,  and  lime.  Table  III  contains  these  results  re- 
jx>rted  in  grams  per  liter,  all  figures  being  calculated  to  the 
density  of  the  original  juice.  The  analysis  of  this  is  repeated  to 
facilitate  comparison. 


TABLE  III. 
Mineral  Matter  in  Juices,  Grams  j)er  Liter. 


Ash 

Phos. 
.\ci(l 

Kumber 

Total 

In!>oIiibIc 

.Soluble 

Lime 

Original 

4.502 

4.445 
3.986 
4.514 
4.505 
4.430 
3.805 
4.402 
4.471 
4.152 
4.515 

2.518 

1.979 

1.4(i3 

.966 

.917 

1.271 

1.338 

.884 

.827 

.961 

1.177 

1.984 

2.466 
2.523 
3.548 
3.588 
3.159 
2.467 
3.518 
3.644 
3.191 
3.338 

.651 
.513 
.206 
.094 
.079 
.237 
.243 
.080 
.0+2 
.210 
.205 

.620 

1 

.647 

7 

.451 

3 

.240 

4 

.234 

5 

.437 

6 

.4% 

7 

8 

.244 
.290 

9 

.454 

10 

.471 
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The  addition  of  either  sodium  carbonate  or  bicarbonate  had  a 
distinct  effect  in  reducing  the  insoluble  ash,  phosphoric  acid,  and 
lime.  As  concluded  from  the  residue  results,  the  increase  of 
the  amount  of  sodium  carbonate  had  a  more  decided  result  where 
an  amount  of  lime  insufficient  to  produce  alkalinity  was  used. 
This  is  due  to  the  fact,  as  has  already  been  mentioned,  that  the 
acidity  of  the  juice  prevented  the  precipitation  of  the  phosphate 
of  lime ;  on  this  being  corrected  by  the  alkaline  carbonate,  a  con- 
siderably larger  proportion  of  both  phosphoric  acid  and  lime  was 
removed.  Aside  from  the  lime,  the  sodium  carbonate  itself  has 
a  clearing  action  in  this  respect,  as  will  be  shown  in  a  second  se- 
ries of  experiments.  Where  the  lime  was  in  sufficient  quantity  to 
produce  an  alkaline  juice,  the  decrease  of  the  amount  of  insoluble 
ash  and  phosphoric  acid  was  proportionally  less,  but  still  showed 
a  very  effective  result. 

In  Table  IV,  the  results  are  collected  to  show  the  relationship 
existing  between  insoluble  ash,  lime,  and  phosphoric  acid  remain- 
ing in  the  juice,  on  the  one  hand ;  and,  mineral  matter  removed 
in  the  residue,  on  the  other  hand,  the  latter  being  the  equivalent  of 
the  filter  press  work  of  a  factory.  The  data  are  arranged  accord- 
ing to  the  descending  amount  of  mineral  matter  removed. 


TABLE  IV. 

Comparison  of  Total  Mineral  Matter  Removed  and  Ash 
Remaining. 


Mineral  Matter 

Grams  per  Liter 

Number 

Removed  from 

Insoluble 

Phos. 

1000  CO.,  Grams 

Ash 

Acid 

7 

1.9985 

.884 

.  .080 

.244 

8 

1.9515 

.827 

.042 

.290 

4 

1.8250 

.917 

.079 

.234 

9 

1.81.S5 

.961 

.210 

.454 

3 

1.6470 

.966 

.094 

.240 

10 

1.6175 

1.177 

.205 

.471 

5 

1.3980 

1.271 

.237 

.437 

6 

1.2840 

1.338 

.243 

.496 

7 

1.2410 
.6715 

1.463 
1.979 

.206 
.513 

.451 

1 

.647 
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As  shown  by  this  table  and  the  accompanying  diagram,  a  drop 
in  the  amount  of  mineral  matter  removed  is  accompanied  by  an 
increase  in  the  amount  of  insoluble  ash  remaining  in  the  juice. 
With  the  exception  of  number  9,  the  phosphoric  acid  and  lime 
content  drops  with  that  of  insoluble  ash.  Sodium  carbonate  had 
a  considerably  better  effect  in  the  direction  of  removing  the  scale 
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forming  elements  than  did  the  bicarbonate.  It  will  be  noticed, 
too,  that  the  juice  of  6  contained  less  lime  than  that  of  1,  although 
twice  as  much  was  used  in  clarification  in  the  first  instance  as  in 
the  second.  These  results  are  similar  to  those  obtained  in  our 
previous  work  on  evaporator  scale.*     The  precipitates  removed 

*Loc.  cit. 
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consist  almost  entirely  of  silica,  lime,  magnesia,  and  phosphoric 
acid,  as  is  shown  in  Table  V.  The  arrangement  in  this  table  is 
the  same  as  in  Table  IV,  according  to  the  descending  weights  of 
mineral  matter  removed. 

TABLE  V. 
Mineral  Matter  Removed  from  One  Liter  Juice,  in  Grams. 


Number 

Silicii 

Iron  and 

Aiumiuiim 

Oxides 

Lime 

Magnesia 

I>hos. 
Acid 

Sulph. 
AoTd 

7 

8 

4 

9 

3 

10 

5 

.4340 
.4345 
.5130 
.4310 
.4155 
.4330 
.4940 

.0565 

.0550 
.0590 
.0465 
.05LS 
.0500 
.0565 

.7450 
.7150 
.4950 
.5925 
.4725 
.4950 
.3500 
.3725 
.2900 
.0975 

.0770 
.0905 
.1835 
.1430 
.1720 
.1095 
.1060 
.0805 
.0905 
.0345 

.6060 

.6380 
.5440 
.4615 
.5295 
.4655 
.3700 
.3500 
.2965 
.0605 

.0290 
.0250 
.0235 
.0190 
.0165 
.0230 
0195 

6 

2 

.4090 
.5040 
.4055 

.0575 

.0565 

,  .0550 

.0295 
.0210 
.0200 

Practically  all  the  silica  and  oxides  of  iron  and  aluminum  were 
found  in  the  precipitate  from  clarification,  the  raw  juice  contain- 
ing .434  and  .054  gram  per  liter  respectively.  A  small  propor- 
tion of  the  sulphuric  acid,  varying  from  a  maximum  of  3.03  to  a 
minimum  of  1.69  percent  of  the  original,  was  removed.  The 
variations  are  irregular  and  doubtless  accidental.  The  lime  and 
phosphoric  content  changed  almost  together,  a  drop  in  the  one 
implying  a  drop  in  the  other.  The  sodium  bicarbonate  was  not 
nearly  so  eflPective  as  the  carbonate  in  removing  the  lime  and 
phosphoric  acid,  when  added  in  molecular  equivalents.  This  was 
of  course  to  be  expected,  as  the  bicarbonate  has  but  half  the  neu- 
tralizing eflPect  on  acids  that  the  carbonate  possesses.  The  figures 
for  magnesia  present  unexplicable  differences.  Whilst  any  cor- 
rection for  acidity,  whether  by  doubling  the  lime  or  intro(lucing 
an  alkaline  salt  made  the  amount  removed  in  the  sediment  in- 
crease by  over  a  hundred  percent,  there  is  no  regularity  in  this 
increase  which  will  point  to  the  reaction  or  reactions  causing  it. 
Tests  3  and  4  with  25  cc.  each  of  milk  of  lime  and  sodium  car- 
bonate solution  removed  about  .  18  gram  of  magnesia  from  a  liter ; 
whilst  test  8.  with  double  the  lime  and  the  same  quantity  of  sodium 
carbonate,  removed  but  half  the  quantity.  Again,  tests  9  and  10, 
with  the  same  lime  as  8,  but  with  sodium  bicarbonate,  had  more 
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magnesia  removed  than  was  taken  out  in  the  case  of  8.  Increas- 
ing the  amount  of  sodium  carbonate,  in  any  particular  case  in- 
creased the  amount  of  ma^esia  removed,  as  may  be  seen  by 
comi)arinj^  test  2  with  3  and  4,  or  test  7  with  8.  At  the  same  time 
in  test  (h  with  50  cc.  of  hme  and  no  sodium  carbonate,  more  mag- 
nesia was  removed  than  in  test  7  with  10  cc.  of  normal  carbonate 
sohuion  and  but  slightly  less  than  in  8  where  25  cc.  of  the  car- 
IwMiate  solution  were  added.  It  may  be  reasonably  explained  by 
the  probability  that  in  the  presence  of  a  large  excess  of  lime, 
most  of  the  phosphoric  acid  is  precipitated  as  the  lime  compound, 
whilst  with  a  less  amount  present  and  the  desired  alkalinity  pro- 
duced by  alkaline  carlK)nates,  magnesium  phosphate  forms  a  con- 
siderable proi)ortion  of  the  precipitated  residue. 

The  action  of  the  added  carbonates  can  be  seen  more  clearly 
when  exhibited  as  |>ercentages  of  material  removed  from  that  in 
the  juice.  I 'sing  the  analysis  of  the  ash  in  the  juice  as  the  basis, 
with  the  exception  of  the  last  item.  Tables  \l  and  VII  show  this 
relationship. 

TABLE  VL 

Juices  clarified  with  25  cc.  milk  of  Hme  per  liter,  the  alkalinity 
being  produced  by  alkaline  carbonates. 

1  2 

l*ct.  of  phosphoric  acid  removed  21.2  68.3 
"       lime  ''         ...*  27.3 

insoluble  ash  **         21.4  41.9 

IVop't'n  of  mineral  matter  "  1         1.85 

In  this  table  and  the  following,  no  account  is  taken  of  the  lime 
used  in  clarification.  The  figures  for  lime  removed  are  based  on 
that  in  the  juices  before  and  after  clarification. 

TABLE  VII. 

Juice  Clauned  with  50  cc.  Milk  of  Lime. 

6  10         9  8  7 

IVt.  of  phosphoric  acid  removed  62.7  68.5  67.7  93.5  87.7 
"       lime  **         20.0  24.0    26.8     53.2     60.6 

"       insoluble  ash  *'         46.8  53.3    61.8    67.2    64.9 

IVop't'n  of  mineral  matter    "  1         1.26     1.41     1.52     1.56 

These  tables  display  in  a  convenient  form  the  relative  effects  of 
the  carbonate  and  bicarbonate  of  soda  in  relieving  the  juice  of 

♦Lime  higher  than  in  original. 


5          3 

4 

63.6    85.6 

87.9 

29.5    61.3 

62.3 

49.5    61.6 

63.6 

2.08    2.45 

2.7. 
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scale  forming  elements.  A  comparison  of  2  and  S  in  Table  VI 
shows  that  one  part  of  the  carbonate  was  as  effective  as  two  parts 
of  bicarbonate.  From  Table  \TI  it  is  seen  that  one  part  of  car- 
bonate was  over  ten  percent  better  than  two  parts  of  the  bicar- 
bonate as  regards  the  removal  of  phosphoric  acid,  and  over  a 
hundred  percent  more  efficient  as  regards  that  of  lime.  The  best 
results  with  respect  to  lime  were  obtained  from  test  4,  where  there 
was  62.3  percent  less  than  there  was  originally  in  the  juice.  The 
coi  responding  test  with  the  same  quantity  of  sodium  carbonate 
and  twice  the  lime,  number  8,  removed  more  phosphoric  acid  but 
less  lime,  more  of  this  element  being  present  from  the  increased 
amount  used  in  clarification.  On  the  whole,  the  proportion  used 
in  test  7,  viz.,  50  cc.  milk  of  lime  and  10  cc.  carbonate  solution 
per  liter,  equivalent  to  3.9  pounds  of  Hme  and  4.4  pounds  of  dry 
carbonate  of  soda  per  1000  gallons,  gave  the  most  satisfactory  re- 
sults. Using  the  same  method  of  calculation  as  before,  400,000 
gallons  of  juices  clarified  by  the  above  methods  would  contain  the 
following  (|uantities  of  phosphate  and  sulphate  of  lime. 

TABLE  VIII. 

Pounds  of  l^hosphate  and  Sulphate  of  Lime  in  400,000  Gallons 

Juice. 

1  23  4  5 

Phosphate 3732  1499  684   574  1723 

Sulphate  323  1674  1043  1140  1270 

Total 4055  3173  1727  1714  2993 

6  7  8  9  10 

Phosphate 1767  582  305  1527  1491 

Sulphate  1690  1205  1941  1666  1844 

Total   3457  1787  2246  3193  3335 

As  the  phos])hate  of  lime  is  extremely  insoluble  in  water  or  su- 
gar and  salt  solutions,  all  the  phosphoric  acid  has  been  combined, 
with  lime,  and  the  surplus  of  the  last  with  sulphuric  acid,  although 
it  is  certain  that  a  part  of  the  phosphoric  acid  will  combine  with 
magnesia.  However,  this  element  has  been  found  from  numerous 
analyses  of  scales  to  be  present  there  to  a  much  smaller  extent 
than  lime,  and  as  the  consideration  of  any  magnesia  combination 
would  involve  much  uncertain  calculation  and  assumption,  it  has 
been  neglected. 

Test  1  in  particular,  and  tests  2,  5,  6,  9  and  10  give  strong  prob- 
abilities of  a  large  formation  of  phosphate  scale.     Tests  3  and  4 
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«^ive  ^iKH\  results,  but  rc(juire  the  use  of  a  considerable  quantity 
of  sodium  carlxmate.  At  about  half  the  cost  of  clarifying  re- 
ajj^cnts  in  /,  almost  as  ^ckkI  results  are  obtained.  Since  a  waste 
molasses  from  4Ct),000  gallons  of  juice  may  contain  approximate- 
ly up  to  18(^)0  |X)unds  of  lime  sulphate  and  456  pounds  lime  phos- 
|)hatc,  the  juices  as  clarified  according  to  the  scheme  proposed 
should  give  litle  scale  trouble. 

As  somewhat  confinning  the  expectation  of  the  cessation  of 
scale  trouble  with  juices  of  composition  of  those  in  tests  3.  4.  7,  or 
S,  the  analysis  of  the  clarified  juice  from  another  mill,  where  ver}- 
liille  annoyance  is  caused  by  scale,  is  given  below,  the  figures  be- 
ing calculated  to  the  density  of  the  juices  already  reported. 

Total  ash 3.010  grams  per  liter 

Insoluble  ash 952       

Soluble  ash 2.058      "       "       " 

Phosphoric  acid 046      "       "       " 

Sulphuric  acid 346       **       **       " 

Lime 685       "       ''      " 

In  this  case  there  is  more  than  enough  lime  to  combine  with  all 
the  sulphuric  acid ;  400,000  gallons  of  such  a  juice  would  contain 
^^^  pounds  of  the  phosphate  and  1950  pounds  of  the  sulphate  of 
lime.  The  content  in  the  latter  element  is  more  than  that  found  in 
the  juices  clarified  with  lime  and  sodium  carbonate,  but  is  not  in 
sufficient  cjuantity  to  form  a  troublesome  amount  of  scale ;  it  ap- 
proximates the  amount  estimated  as  being  possible  to  be  retained 
by  the  molasses. 

In  the  particular  case  of  the  mill  furnishing  the  scale  samples, 
the  juice  was  being  clarified  by  the  addition  of  4.4  pounds  of 
lime  per  1000  gallons  of  juice.  With  the  use  of  soda,  the  cost  of 
clarification  will  be  materially  increased,  although  it  is  possible 
that,  depending  on  the  nature  of  the  juice,  even  considerably  less 
than  the  mininnnn  used  in  these  experiments  will  be  sufficient  to 
mitigate  the  scale  troubles.  When  using  3.9  pounds  of  lime  and 
4.4  ])(mnds  of  carbonate  of  soda  to  1000  gallons  juice,  the  cost 
of  handling  400,000  gallons  would  be  raised  from  $17.60.  where 
4.4  pcnmds  o{  lime  alone  were  used,  to  $50.80,  the  lime  and  soda 
being  taken  as  costing  one  and  two  cents  per  pound  respectively. 
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SECOND  SERIES. 

A  second  series  was  carried  out  with  more  attention  to  the  ac- 
curacy of  measuring  out  the  hme  used  itt  clarification  and  with 
the  precaution  of  filtering  the  juice  previous  to  working  with  it. 

The  juice  was  obtained  itrom  Yellow  Caledonia  cane  grown  on 
the  grounds  of  the  Experiment  Station.  It  was  filtered  by  means 
of  a  centrifugal,  the  sides  of  the  basket  being  lined  with  paper 
pulj) ;  in  this  way  a  juice  absolutely  free  of  suspended  matter  was 
obtained.  The  analysis  of  the  filtered  juice  gave  the  following 
figures. 

Brix 20.00 

Polarization 17.95 

Purity 89.75 

Total  ash 6. 168  grams  per  liter 

Insoluble  ash 3.438  "  "  " 

Soluble  ash 2.730  "  "  " 

Silica 120  "  "  " 

Iron  and  Aluminum  oxides. .. .          .044  "  "  " 

Lime 652  "  "  " 

Magnesia 720  "  "  " 

Potash 1.684  ''  "  " 

Phosphoric  acid 1 .365  "  *"  '' 

Sulphuric  acid 700  "  "  " 

Chlorine 476  "  "  " 

Four  hundred  cubic  centimeter  portions  of  the  juice  were 
clarified  with  chemically  pure  lime  in  quantities  varying  from  .25 
to  1 .  25  grams  per  liter.  The  lime  was  found  to  be  partially 
hydrated,  containing  actually  93  per  cent  of  calcium  oxide.  Ac- 
cording to  the  equation, 

CaO  +  Na2C03-f-  2H  2O  =  CaC03+  2NaOH. 

each  part  of  lime,  if  100  percent  pure,  w^ould  require  for  its  con- 
version into  carbonate  1.9  parts  of  sodium  carbonate.  Accord- 
ingly, in  these  experiments,  this  proportion  was  used,  although 
on  account  of  the  lime  being  only  93  percent  pure,  the  sodium 
carbonate  was  slightly  in  excess  of  the  requited  amount. 

As  in  the  first  series,  the  juice  with  the  lime  or  lime  and  sodium 
carbonate  added  in  the  cold,  was  brought  to  a  boil  and  boiled  for 
two  minutes.  The  lime  was  weighed  out  for  each  experiment 
and  slaked  in  the  least  amount  of  water  necessary.  The  sodium 
carbonate  was  ])repared  in  solution,  so  that  each  10  cc.  of  solution 
contained    .19  gram   of  this  salt.     After  settling,  the  clarified 
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juice  was  filtered  under  pressure  and  the  filtrate  cooled  and 
analyzed.  The  residue  was  washed  on  the  filter  paper  until  all 
the  soluble  matter  was  removed,  dried  at  lOO*^  and  weighed; 
then  incinerated  and  the  weight  of  mineral  matter  obtained. 

The  several  methods  of  treatment  were  as  follows,  all  figures 
being  estimated  on  the  liter  basis,  as  in  the  first  series. 


Number 

93perceui. 
Lime, 
(J  rams 

Sodium 

Carbonate 

Grams 

Reaction 

Settled 

Filtered 

1 

9 

.25 

.50 

.       .75 

.     1.25 

.25 

.25 

L       .50 

.50 

.75 

.       .75 

.     1.25 

0 

0 
0 
0 
0 

.475 

.950 

.475 

.950 

.475 

1.425 

2.375 

1.425 

acid 

acid 
neutral 
alkaline 

acid 
alkaline 

it 

ii 
it 
it 
ii 
ii 

poorly 

fairly 

quickly 
very  quickly 

quickly 
very  quickly 

ii 
it 

a 

poorly 

slowly 

it 

3 

quickly 

4 

5 

6 

a 

it 

7 

ii 

8 

9 

10 

ii 
ii 
ii 

11 

ti 

12 

slowlv 

Table  IX  gives  the  analyses  of  the  juices.  It  will  be  noticed 
that  in  many  instances  there  was  a  considerable  drop  in  density. 
This  is  due  to  the  fact  that  the  sodium  carbonate  was  added  in 
solution,  10  cc.  of  this  solution  containing  .  19  gram  of  the  salt. 

TABLE  IX. 


Number 

Brix 

Sucrose 

Purity 

( )riginal 

20.0 
21.6 
21.1 
20.8 
21.2 
20.9 
20.0 
20.4 
19.6 
20.6 
19.1 
19.3 
19.6 

17.95 

19.7 

19.0 

18.7 

19.6 

19.2 

18.3 

18.9 

18.1 

19.1 

17.6 

17.8 

17.8 

89.75 

1 

9 

91.20 
90.05 

3 

89.90 

4 

3 J 

92.45 
91.86 

6 

7 ; , 

91.50 
92.65 

8       

92.35 

9 

10 

11 

12 \ 

92.71 
92.15 
92.23 
90.82 

_   _    ^   ,_ 
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The  addition  of  sodium  carbonate  alone  to  the  juice  increased 
the  purity  1 .07  degrees.  The  addition  thereof  to  Hmed  juices  in 
all  cases  increased  the  purity,  the  differences  varying  from  .30  to 
2J7  degrees. 

The  weights  of  the  organic  and  mineral  matter  removed  from 
a  liter  of  juice,  thoroughly  washed  of  all  sugars  and  other  soluble 
matter,  are  given  in  Table  X. 

TABLE  X. 
Material  Removed  from  a  Liter  of  Juice  in  Grams. 


Number 

Total 

Organic 

1.940 
1.756 

Mineral 

1 

2.398 
2.803 

.458 

2 

1.047 

3 

4.038 

2.212 

1.826 

4 

5.401 
2.877 

2.520 

1.755 

2.881 

5 

1.122 

6 

3.454 

1.897 

1.557 

7 

3.696 

1.930 

1.766 

8 

4.200 

2.038 

2.162 

9 

4.874 

2.657 

2.217 

10 

5.827 

2.959 

2.86S 

11 

6.229 

2.833 

3.396 

12 

4.306 

1 

3.077 

1.229 

Increasing  the  lime  produced  a  regular  increase  in  the  total  and 
mineral  matter  removed.  When  sodium  carbonate  was  also  sup- 
plied, there  was  a  regular  gain  in  the  amount  of  impurities  elim- 
inated from  the  juice;  whilst  sodium  carbonate  alone  equivalent 
to  .75  gram  of  lime  rendered  more  organic  matter  insolu- 
ble than  did  any  of  the  lime  or  lime  and  soda  treatments.  As 
with  the  first  series,  no  comparison  can  be  drawn  between  these 
results  and  the  purity  figures. 

For  the  purpose  of  obtaining  the  ashes  of  the  juices  for  analy- 
sis, a  different  modus  operandi  was  adopted  than  in  the  first  se- 
ries, looking  towards  securing  larger  quantities  of  ash  and  lessen- 
ing the  chance  of  error.  After  filtration  and  cooling,  measured 
quantities  of  each  lot  were  pipetted  into  Erlenmeyer  flasks,  the 
alkaline  juices  acidulated  with  sulphuric  acid,  a  few  drops  of  an 
active  yeast  culture  introduced,  stoppered  with  cotton,  and  allow- 
ed to  ferment.  After  fermentation  was  complete,  it  was  an  easy 
matter  to  incinerate  as  much  as  100  cc.  of  a  sample,  as  there  was 
but  little  organic  matter  present  after  the  disappearance  of  the 
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sugars.  In  the  first  series,  the  juices  were  treated  with  formalde- 
hyde for  the  pur|K)se  of  preservation  before  fowarding  to  the  Sta- 
tion, so  that  the  destniction  of  the  sugars  by  fermentation  was 
not  |K)ssible.  The  analyses  of  the  juices,  given  in  grams  per 
liter,  and  figured  to  the  density  of  the  original  juice,  will  be  found 
in  Table  XI.  The  determinations  of  silica  and  the  oxides  of  iron 
and  aluminum  are  not  included,  not  being  germane  to  the  subject 


TABLE  XT. 
Mineral  Matter  in  Juices,  Grams  per  Liter. 


.Vsh 

I'hds,  .\ekl 

Limu 

N mil  her 

1 

Magnesia 

Totfrt 

r).ir)8 

Insoluble 

Soluble 

Original 

3.438 

2.730 

1.365 

.652 

.720 

1 

6.215 

3.100 

3.115 

1.222 

.691 

.635 

2 

5.675  ! 

2.611 

3.0f>4 

.8% 

.6.56 

.584 

3 

5.2.50 

1.932 

3.318 

.516 

.535 

.547 

4 

4.220 

.015 

3.305 

.102 

.500 

.460 

*> 

6.171  ' 
5..n8 

.892 

4.205 
4.426 

.835 
.638 

.cm 

.310 

.588 

6 

.514 

7 

5.633 

1.470 

4.163 

.  5.54 

.382 

.512 

8 

5.134  ; 

.839 

4.2f>5 

.283 

229 

.502 

<) 

5.221 

1.234 

3.987 

.340 

.39i 

.511 

10 

5.819 

.  576 

5.243 

.072 

.170 

.371 

11 

6.471 

.626 

5.845 

.033 

.236 

.422 

12 

6.345 

I.W4 

5.251 

.821 

.208 

.535 

As  in  the  first  series,  the  sodium  carbonate  removed  consider- 
able amounts  of  phosphoric  acid  and  lime,  at  the  same  time  de- 
creasing the  amount  of  insolul)le  ash  in  the  juice.  The  same  ef- 
fect was  produced  by  increasing  the  amount  of  lime,  but  in  that 
case  there  was  still  enough  left  of  that  element  to  produce  trouble 
in  the  effects,  given  the  presence  of  sufficient  sulphuric  acid  to 
combine  with  it.  Lime  alone  decreased  the  phosphoric  acid  con- 
tent from  1.363  grams  per  liter  to  .102  gram  per  liter,  or  a  re- 
moval of  92.3  percent,  where  an  excess  wavS  added:  at  the  same 
time  there  was  23.3  percent  less  lime  left.  In  fact,  as  the  lime 
added  to  the  juice  was  increased  two-,  three-,  or  five- fold,  the 
amount  left  in  the  clarified  product  decreased.       These  results 
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are  similar  to  those  obtained  in  our  previous  work  on  scale,* 
where  a  juice  originally  containing  .263  gram  lime  per  liter,  con- 
tained .274,  .249,  and  .217  gram  respectively  after  an  acid,  neu- 
tral, and  alkaline  clarification.  They  are  at  variance  with  the 
opinion  expressed  by  Geerligsf  that  **the  proportion  of  lime  pre- 
in  the  juice  will  become  greater  than  the  sum  of  the  lime  pre- 
existing in  the  juice  and  of  that  which  has  neutralized  the  free 
acid  in  the  juice ;"  but  are  supported  by  quotations  from  two  ex- 
perimenters in  WareJ  as  follows :  "According  to  Grimmer  calcic 
salts  are  partly  eliminated  from  juices  when  lime  is  used  in  excess 
and  basic  lime  salts  are  formed.  Malander  points  out  that  ex- 
cessively limed  juices  contain  fewer  calcic  salts  ^han  those  submit- 
ted to  a  moderate  liming."  The  phosphoric  acid  content  drops 
regularly  with  the  increase  of  lime  used  in  clarification.  As 
with  our  previous  work  in  connection  with  the  removal  of  phos- 
phoric acid,  it  is  conclusively  shown  that  phosphoric  acid  is  held 
in  solution  in  the  juices,  since  all  the  juices  were  passed  through 
filter  paper;  and  that  as  the  lime  proportion  was  increased,  the 
phosphoric  acid  content  diminished.  The  reason  that  juices  treat- 
ed by  the  carbonation  methods  contain  so  little  phosphoric  acid 
is  due  not  so  much  to  the  fact  that  they  have  been  filtered,  but  to 
the  fact  that  they  have  been  heavily  limed  and  the  phosphoric  acid 
precipitated  as  lime  phosphate. 

If  the  lime  treatment  is  supplemented  with  that  of  sodium  car- 
bonate, the  phosphoric  acid  drops  down  to  .033  gram  per  liter, 
e(|uivalent  to  a  removal  of  97.6  percent  of  that  originally  contain- 
e(l,  and  the  lime  content  dropped  to  .236  gram  per  liter,  a  lessen- 
ing of  63.8  per  cent  in  this  respect.  The  sodium  carbonate  alone 
was  of  considerable  effect,  removing  39.8  percent  of  the  phos- 
I)horic  acid  and  68 . 1  percent  of  the  lime.  The  best  effect  as  re- 
gards lime  content  was  ob:;erved  in  test  10,  where  .75  gram  lime 
and  1.425  grams  sodium  carbonate  were  used,  the  diminution  of 
the  amount  of  lime  from  that  originally  present  in  the  juice 
amoimting  to  almost  74  percent. 

The  sodium  carbonate  alone  also  removed  considerable  magne- 
sia from  the  juice:  the  original  contained  .71  gram  of  the  mag- 
nesium oxide  per  liter,  which  after  clarification  dropped  to  .  535 
gram,  a  removal  of  26  i)ercent.  Lime  in  increasing  amounts  ef- 
fected a  corresponding  increase  of  the  removal  of  magnesia  from 
the  juice ;  .25  of  a  gram  of  lime  diminished  the  magnesia  content 


♦Bulletin    21,  Experiment   Station,   H.  S.  P.  A.  Agricultural  and 
Chemical   Series,   page   28. 

t  Cane  Sugar    and  its  Manufacture,  page  143. 

X  Beet  Sugar  Manufacture  and  Refining,  Vol.  II,  p.  347. 


Digitized  by 


Google 


la— 1 

> 

-JTl 

Li.. 

— ^ 

— i 

'          '         1 

■  r  t-  1  1 

1 

-- 

1 

,\ 

1 

_ 

H 

4 

—  *  - 
1 

1 

^ 

\ 

r 

4-f — . 

i 

1 

s 

- 

— 

' — 

J 

— 

\ 

/ 

V 

— 1 — 

/- 

-  - 

*-      -             ' 

1 

\ 



t 

.   [  !   i 

f 

— 

1          1        ; 

1         '■ 

\ 

\ 

^ 

i 

• 

/ 

\ 

\ 

1     I 
A 

\ 

r 
1 



\ 

\ 

1 

: 

; 

I 

; 
/ 

/ 
f- 

Li 

! 
1 

i 

i 

\ 

\ 

T 

N 

N 

/ 

/ 

1/ 

/ 

/ 

■-^ 

^y 

\ 

*             1    / 

\ 

4 

/ 
^ 

-a 

/ 

.^" 

vT*^ 

y 

.— — 

'  I 

— ... 

'  \ 

7 

\ 

/ 

/ 

\^ 

■If 

r\ 

/ 

\ 

^ 

^ 

\ 

/ 

— 

1^* 

1 

t — 

It 


11 

I 


Digitized  by 


Google 


by  11.8  percent,  and  1.25  grams  of  lime  by  36  percent.  The 
addition  of  sodium  carbonate  to  lime  for  clarification  worked  a 
further  reduction  in  this  respect.  It  will  be  noticed  in  the  ac- 
companying diagram  that  the  phosphoric  acid  and  magnesia  con- 
tent vary  almost  uniformly,  signifying  that  a  removal  of  phos- 
phoric acid  implies  a  removal  of  magnesia. 

In  Table  XII  the  results  are  collected  to  show  the  relationshi])s 
corresponding  to  Table  IV  of  the  first  series. 

TABLE  XII. 

Comparison  of  Total  Mineral  Matter  Removed  and  Ash 
Remaining. 


Mim-ral 

Matter 

Removect 

from  1 
liter,  grms. 

Orums  per  Liter  in  Juice 

Number 

lUBoliible         Phos.  Acid 
Asli 

1 

Lime 

1 

Magiioaia 

11 

4 

10 

9 

8 

3 

7 

6 

12 

3.397 
2.881 
2.868 
2.217 
2.162 
1.826 
1.766 
1..5.58 
1.229 
1.122 
1.047 
.458 

.626           .033 

.915           .102 

..576           .072 

1.234           .340 

.839           .283 

1.932           .516 

1.470           .554 

.892           .638 

1.094           .821 

1.966           .835 

2.611            .896 

3.100         1.222 

1 

.236 
.500 
.170 
.394 
.229 
,  .535 
.382 
.310 
.208 
.603 
.6.56 
.691 

.422 
.460 
.371 
.511 
.502 
.547 
.512 
.514 
.535 

5 

.588 

2 

1 

.584 
.635 

The  same  regularity  in  the  whole  series  as  regards  descending 
mineral  matter  removed  and  ascending  insoluble  ash,  as  observed 
in  the  first  series,  did  not  result  in  the  second.  If,  however,  each 
lot  receiving  the  same  amount  of  lime  is  regarded  separately,  as 
tests  1,  5,  and  6;  2,  7,  and  8;  3,  9,  and  10,  and  4  and  11,  the 
changes  are  uniform.  The  phosphoric  acid  and  magnesia  con- 
tents of  the  juice,  however,  decrease  regularly  as  the  amount  of 
mineral  matter  removed  increases.  The  lime,  as  may  be  expect- 
ed, varies  considerably.  Thus  in  test  4,  rceiving  an  amount  of 
lime  considerably  in  excess  of  that  required  to  produce  alkalinity, 
a  large  proportion  of  the  phosphoric  acid  was  precipitated,  and  a 
considerable  amount  of  mineral  matter  removed.     I>ut  the  juice 
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still  retained  an  undesirable  quantity  of  lime.  When,  in  addition 
Co  this  lime,  sodium  carbonate  was  supplied,  as  in  test  11,  along 
with  an  increase  in  the  mineral  matter  removed  is  observed  a 
drop  in  insoluble  ash,  phosphoric  acid,  lime,  and  magnesia,  that 
in  phosphoric  acid  and  lime  being  very  considerable. 

The  analysis  of  the  mineral  matter  removed  is  given  in  Table 
XIII,  and  shows  more  di.stinctly  the  relations  between  the  total 
amount  removed  and  the  elements  composing  them. 

TABLE  XIII. 
(Iranis  of  Mineral  Matter  Removed  from  a  Liter  of  Juice. 


\uml>er         Total  Weight  Phosphoric  Acid    Lime  Magne>ia 


11 3. 397 

4 ;..  2.881 

10 2.8(^)8 

•) 2.217 

8 [  2.162 

3 1.826 

7 t  1.766 

6 1.5.58 

12 1.229 

5 1.122 

2 [  1.047 

1 458 


1.350 

1.585 

1.295 

1.315 

1.303 

1.197 

1.030 

.S^3 

1.074 

.898 

.843 

.831 

.814 

.738 

.735 

.593 

..563 

.448 

.522 

.275 

.469              1 

.456 

.162              1 

.194 

.308 
.222 
,353 
.182 
222 
.137 
.209 
.201 
.176 
.127 
.106 
.074 


In  addition  to  the  above,  there  were  small  quantities  of  iron  and 
aluniinuni  oxides,  sulphuric  acid,  and  a  considerable  proportion 
of  the  silica  originally  present  in  the  juice.  The  mineral  matter 
consists,  however,  essentially  of  lime  and  magnesium  phosphate. 
The  imperfection  of  an  acid  clarification,  as  regards  the  removal 
of  phosphate  compounds,  is  particularly  emphasized  in  this  table 
in  tests  1,  2,  and  5. 

The  action  of  the  carbonate  of  soda  will  be  more  clearly  seen 
by  reference  to  the  following  tables. 
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TABLE  XIV. 

Juices  Clarified  with  .25  gram  Lime  per  Liter,  Acidity  Partly 
or  Entirely  Corrected  by  Sodium  Carbonate. 

1  5  6 
Percentage  Phosphoric  Acid  removed....      10.5     38.8     53.2 

*'  Lime  **  *     7.5     52.4 

Insoluble  Ash  "  '.'.!!      '9,8    42^8    74.1 

Proportion  of  Mineral  matter  "  ....        1  2.45     3.40 

♦Lime  increased. 

TABLE  XV. 

Juices  Clarified  with  .5  Gram  Lime  per  Liter,  Acidity  Conect- 
ed  bv  Sodium  Carbonate. 

2  7  8 

Percentage  Phosphoric  Acid  removed!...     34.4  59.4     79.3 

Lime  "       *  41.4    64.9 

Insoluble  Ash  "       ....     24,1  57.2    75.6 

Proportion  of  Mineral  matter         "       1  1 .69    2.06 

♦Lime  increased. 


TABLE  XVI. 

Juices  Clarified  with   .75  Gram  Lime  per  Liter  and  Sodium 
Carbonate. 

3  9         10 

Percentage  Phosphoric  Acid  removed....     62.2  75.1     94.7 

Lime                            "       ....     17.9  39.6    73.9 

Insoluble  Ash              "       ....     43 . 8  64 . 1     83 . 2 

Proportion  of  Mineral  matter          "       1  1 .  21     1 .  57 


TABLE  XVII. 

Juices  Clarified  with  1.25  Grams  Lime  per  Liter  and  Sodium 
Carbonate. 

4  11 

Percentage  Phosi)horic  Acid  removed 92.5  97.6 

Lime                            "       ....     23.3  63.8 

Insoluble  Ash              "       ....     73.4  81.8 

Proportion  of  Mineral  matter         "       ....       1  1.18 


Digitized  by 


Google 


28 

As  the  lime  used  increases,  the  extra  amount  of  phosphoric  acid 
removed  by  the  sodium  carbonate  decreases,  but  the  amount  of 
lime  removed  is  considerable.  Sodium  carbonate  alone  removed 
31.3  percent  of  the  lime  in  the  juice.  The  same  amount  of  so- 
dium carbonate  applied  in  test  10,  where  .75  gram  of  lime  were 
added  did  a  far  greater  duty,  since  in  addition  to  the  reduction  of 
73.9  per  cent  calculated  on  the  lime  in  the  juice,  there  was  re- 
moved the  lime  used  in  clarification.  This  remark  applies  to  all 
the  calculations  on  lime  removed,  the  percentages  in  all  instances 
being  calculated  on  the  amount  originally  present  in  the  juice. 

The  amounts  of  scale  possible  from  the  evai)Oration  of  the  va- 
rious juices  may  be  judged  from  Table  XVIII. 

TABLE  XVIII. 

Pounds  of  Phosphate  and  Sulphate  of  Lime  in  400,000  Gallons 
of  Juice. 

12  3  4  5  6 

Phosphate 4247  4031  3288   742  3706  1905 

Sulphate 3063  

Total 4247  4031  3288  3807  3706  1905 

7    8    9  10  11  12 

Phosphate    2348     1406    2422  524  240  1:278 

Sulphate 688  1593  .... 

Total 2348     1406    2422  1212  1833  1278 

In  the  first  series  we  had  to  deal  with  a  juice  containing  .651 
gram  of  phosphoric  acid  per  liter;  in  this  series  the  content  is 
1.365  grams,  or  over  twice  as  much.  Consequently,  there  is 
need  of  a  greater  amount  of  lime  in  order  to  convert  all  the  phos- 
j)horic  acid  into  the  corresponding  salt.  In  the  first  three  tests 
of  this  series  there  was  left  an  excess  of  the  phosphoric  acid  over 
and  above  that  necessary  to  combine  with  all  the  calcium  in  the 
respective  juices,  calculated  to  tri-calcic  phosphate.  As  the  phos- 
phate salt  is  far  more  insoluble  than  the  sulphate,  it  is  reasonable 
to  suppose  that  principally  this  compound  will  deposit  first. 
When  sufficient  lime  is  added  to  remove  the  phosphoric  acid  more 
thoroughly,  as  in  test  4,  there  is  an  excess  of  lime  left  in  the  juice 
over  that  necessarv  to  combine  with  the  phosphoric  acid  remain-  ^ 
ing;  this  excess  of  lime  can  then  combine  with  the  sulphuric  acid 
in  tbe  juice  to  form  calcium  suli)hate.  The  quantity  of  this  latter 
salt  will  then  de])end  principally  on  the  amount  of  sulphuric  acid 
in  the  juice,  and  given  a  sufficient  amount,  the  tendency  will  be 
to  form  sulphate  scale.     By  removing  the  lime  with  sodium  car- 
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bonate,  alon^  with  a  partial  lessening  of  the  phosphate  of  lime,  is 
a  considerable  drop  of  the  sulphate  of  lime  content. 

As  in  the  first  series,  the  amount  of  magnesium  phosphate  that 
would  be  found  in  scale  is  not  considered,  for  reasons  given  at 
that  place,  but  it  is  certain  that  part  of  the  magnesia  in  the  juice 
would  be  found  in.  the  in  cm  stations.  It  is  recognized  in  the  beet 
sugar  industry  that  when  lime  from  a  magnesian  limestone  is 
used  in  clarification,  there  is  greatly  increased  tendency  towards 
scale  formation. 

The  best  results  appear,  from  an  inspection  of  Table  XVIII,  to 
have  been  obtained  in  tests  8, 10,  and  11,  although  in  the  first  there 
is  a  strong  possibility^  of  forming  phosphate  scale.  The  amounts 
of  clarifying  agents  in  these  tests  would  be  for  1000  gallons  of 
juice: 

Test  8:  4.16  pounds  lime  and  7.9  pounds  dry  sodium  car- 
bonate. 

Test  10:  6.25  pounds  lime  and  11.9  pounds  dry  sodium  car- 
bonate. 

Test  11 :  10.41  pounds  lime  and  19.8  pounds  dry  sodium  car- 
bonate. 

Advantages  of  Sodium  Carbonate  Treatment, 

Sodium  carbonate  clarification  is  indicated  wh'ere  a  juice  con- 
tains excessive  quantities  of  sulphuric  acid  and  tends  to  form 
troublesome  incrustations  of  calcium  sulphate.  Lime  should  be 
added  to  neutrality  or  faint  acidity,  and  the  juice  made  alkaline  by 
sodium  carbonate.  This  latter  reagent  completes  the  precipitation 
of  the  phosphoric  acid,  and  further,  depending  on  the  extent  to 
which  it  is  supplied,  removes  calcic  salts  from  the  juice.  The 
removal  of  these  salts  lessens  the  extent  of  possible  scale  forma- 
tion. It  has  a  further  advantage,  as  much  of  the  trouble  found 
in  the  working  and  handling  of  low  grade  products  is  ascribed 
to  the  presence  of  lime  and  the  decomposition  products  of  non- 
sugars  due  to  the  action  of  lime  at  high  temperatures.  Amongst 
others  is  the  froth-fermentation  of  molasses,  which  is  most  fre- 
quently found  where  the  juices  have  been  bverlimed.  Further, 
the  increase  in  acidity  of  the  molasses  from  successive  boilings  is 
due  to  the  decomposition  of  the  lime-glucose  compounds,  lime 
glucinate,  etc.,  at  high  temperatures. 
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Disadvantages  of  the  Sodium  Carbonate  Treatment. 

The  addition  of  sodium  carbonate  will  probably  increase  the 
work  of  the  filter  presses,  but  as  it  will  produce  a  sediment  which 
by  its  nature  should  permit  of  easy  and  complete  washing  of  the 
scums,  this  objection  may  be  only  apparent.  The  prime  objection 
is  the  cost  of  clarification,  which  will  be  materially  increased. 
Whether  this  increase  of  cost  will  be  more  than  compensated  for 
by  the  saving  in  labor,  wear,  and  delays  due  to  incnistations  on 
the  tubes  of  the  evaporators  is  a  question  which  can  be  answered 
only  by  trial  in  the  mills  presented  with  this  problem. 

Conclusions. 

The  general  conclusions  may  be  summarized  as  follows : 

The  use  of  sodium  carbonate  in  addition  to  lime  in  clarifying 
juices, — 

1.  Decreases  the  amount  of  insoluble  ash  in  the  filtered  juice. 

2.  Decreases  the  amount  of  phosphoric  acid  in  the  same. 

3.  Decreases  the  amount  of  lime  in  the  same. 

4.  Increases  the  amount  of  mineral  matter  removed  by  filtra- 
tion, or  the  equivalent  of  the  work  of  the  filter  presses  in  factory 
operations. 

5.  In  juices  of  high  sulphuric  acid  content,  not  enough  lime 
will  be  left  to  form  a  serious  lime  sulphate  scale. 

6.  EflFects  a  partial  removal  of  magnesia  from  the  juice. 

7.  EflFects  a  slight  increase  in  organic  impurities  removed 
from  the  juice. 

8.  Improves  the  working  of  after  products  by  removal  of  cal- 
cic salts. 

9.  On  account  of  the  cost  of  the  material,  the  expense  of 
clarification  will  be  materially  increased. 
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